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EFFECT OF 
CLOVER 


THE 
AND 


ROOT-LESION NEMATODES ON 
ALFALFA UNDER GREENHOUSE C 


THE GROWTH OF 
ONDITIONS:! 


RED 


Richard A. Chapman 


sltMMARY 


The growth of red clover and alfalfa in soil in- 
fested with a root-lesion nematode population made 
up primarily of Pratylenchus penetrans (Cobb) 
Filip. & Stek. and P. coffeae (Zimmerman) Goodey 
with some P. minyus Sher & Allen was significantly 
less than that of control plants. 
ured by weighing frequent harvests of the plants. 
effects did not until 


Growth was meas- 


and significant oceul several 


Both 


plants were more severely injured by the 


weeks after cutting was begun species of 


nematodes 
during the summer months than during the winter 
Alfalfa, but 


exhibited periods of recovery following 


and spring seasons, not red clover, 


periods ot 
significant injury. The nematodes multiplied read- 
ily in the roots of both hosts 





have been frequently 


alfalfa 
reported 
How- 
effects of these nematodes on these plants 
little Hastings and Bosher 
5) found that the root-lesion nematode, Pratylenchus 
de Man) Filip.. reduced the growth of red 
clover seedlings 64.9 per cent in the absence of fungi 


(Trifolium and 


5 


t root-lesion 


Red 
(| Medu age 


hosts © 


pratense 


clover 
sativa 


as or meadow nematodes. 


the 


every 


have received attention. 


pratensis 


and bacter and 85.3 per cent when the fungus 

Cylindrocarpon radicicola Wr. was also present. 
Good and Blue (2) raised Ladino clover (Trifolium 

repens | methyl-bromide-fumigated and in non- 


fumigated soil that was infested with P. brachyurus 
(Godfrey) and the fungus Sclerotinia sclerotiorum 
Lib.) DBy. Cuttings were made at intervals after 
the plants were 103 days old. After the plants were 
197 davs old the dry-weight vields of the plants 
growing in non-fumigated soil were significantly lower 
than those of plants growing in fumigated soil. The 
reductions in vield for the 3 cuttings having signifi- 
eant differences. in order of their succession. were 
25.9. 65.8. and 87.7 per cent. Examination of roots 
and soil from the fumigated treatment revealed only 
traces of both organisms, whereas they developed 


abundantly in the non-fumigated treatment. 

An association between large numbers of Praty- 
lenchus and reduced stands of spring-sown alfalfa 
was reported by the author (1). The present investi- 
gation was undertaken to determine the effect of this 
population of nematodes on the growth of red clover 
ind alfalfa. At the time of the previous report the 
specif le of the nematodes was uncertain. A 
populatior the nematodes was maintained in the 
greenho ! later thought to be primarily P. pene 
trans (Cobb) Filip. & Stek. It was so considered at 
the start of this study. After the conclusion of these 
experiments. however. closer examination revealed 
hat 1} ilation was composed primarily of P. 
pen P. coffeae (Zimmerman) Goodey, with 

\ te publication May 8, 1958 

The fstigation reported in this paper is in connection 
witl project of the Kentucky Agricultural Experiment 
Stat ~ published with the approval of the Director 
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some P. minyus Sher & Allen 


MATERIALS AND METHODs.—Nematodes used as in- 


oculum were obtained from roots of corn (Zea mays 
L.) by the Young (9) incubation technique. The 
corn had been growing in soil infested with a popu- 
lation of the nematodes that had been maintained in 
a greenhouse for more than a vear. The nematodes 
were apportioned by diluting suspensions of them 
with water. The suspensions contained other nema- 
todes. but no stvlet-bearing spec ies except Praty- 
lenchus. Hereinafter the word “nematode” refers to 


Pratylenchus. 


One-half-gallon glazed crocks were filled to within 
) 


in. of the top with soil that had been heated with 
steam to 80-85°C 


containing known numbers of nematodes were poured 


for 5 minutes. Fifty-ml suspensions 


over the surface and the crocks were filled with 
steamed soil. Certified seed of Kenland red clover 
and Atlantic alfalfa were sown on the surface of the 
filled crocks and covered with a thin laver of steamed 
soil, A suspension of a commercial preparation of 
nodule-produc ng bacteria was applied when the 
crocks were first watered. After about 3 weeks the 
plants were thinned to the desired number per crock 


by clipping off the shoots of excess plants below the 
soil line. Control crocks received 50 ml of the suspen- 
sions that had been freed of nematodes by gradually 
heating them to 50°C and immediately removing them 
from the source of heat. 

Growth was measured by weighing plant material 
obtained by cutting the shoot growth back to a height 
of 2 at intervals during the experiments. Both 


latter by 


In. 


fresh and dry weights were determined. the 


drying the material at 40 C until it reached a con- 
stant weight. 

At the conclusion of the experiments, roots were 
carefully removed from the crocks and washed, blot- 
ted. and weighed. They were then placed in flasks of 
water on a rotary shaker or hung in a mist chamber 


box filled with fine mist from atomizers and from 


ta 


| am indebted to Prof. Gerald Thorne of the University 
of Wisconsin for the identification of the species of Praty- 
enchus in this population 
165-5214) was issued October 27, 1958 


e 
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TasLe 1l.—-Dry weights £ Kenland red clover 
growing in sol nitia ’ ed with differ fr 
bers of root lesion ner 


Harvest Age in Root idded per crock 
No days 0 () 1180 ITOO 
l 105 1.85 I L.4 
y 132 l.] 1.00 ().8! 
3 162 1.2 1.05 0.8 
} 182 2.00 1.73 f 
5 204 2.55 Ww 1.90 1.88 
6 214 1.33 0.90 1.05 
7 230 15 0.8 0.68 
8 256 2.6 ) 0) 1.25 
9 27 0.9 ( 0.20 0.2 
10 292 1.0 20 0.18 
1] 413 0 0.10 0.13 0.10 
12 536 0.63 0.1] 0.13 0.] 
Total 17.2 11.92 10.63 10.2 
* Difference from cont it the 5 
** Difference from contr I t at the eve 
which water containi drips off roots 
through funnels into collect ials The nema 
todes were collected and « nted for about weeks 
Two experiments were i i In | xperiment 
the numbers of nematodes add per crock in 4 treat 
ments were 0. 500. 1180 1 2700 There were 4 
replicates of each treatment ed in 4 Lt Latin 
squares, | for red clover | t iltalfa. The plants 
were thinned to 20 per ro f each species The 
experiment was started « s er 20. 1956. and 
the red clover was harvested t ‘ ind the alfalta 
13 times (Tables 1 and 2 | xperiment I] the 
numbers of nematodes add: r crock in 2 treat 
ments were: O and [io0 e1 vere 4 replicates of 
each treatment for both re ind alfalfa he 
plants were thinned to rock for red 
clover and alfalfa. respect | experiment was 
started on March 12 it pDecie were 
harvested 7 times L4. 6 | 19. 14 | 
davs of age 
Results of the 2 ¢ xperu ere i| | 
the data from Experiment | tal ited here 
Resuuts.._Red « | weights from. the 
harvests of red clover rol } eriment. | 
sented in Table 1] 
In both experiment ! 
soil infested with nematod luced iit al dak 
lower vields than the cont: { significant diffe 
ences did not be ! I t some time ifter 
cutting was started. | | t [| thi ' reel 
57 davs (2 cuttings Nd itting d 195 
davs (6 cuttings aa mediur nd ws 
numbers of nematodes. respe he vields trom 
plants in all 3 inoculated tre ts were significant] 
lower than those from tl ol plant fror the 
seventh through the twe Total vields 
the 3 inoculated treatm nificant owe! 
than those from the cont: 
Growth curves shown in | indicate that the 
nematodes became gradu effective In reduce 
ing growth from the the rate of crowt!l 


AT 
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of the control plants began to decrease (214 days. 
sixth harvest). This decreased rate of growth of the 
control plants can be attributed to a combination of 
decreased fertility. effects of frequent cutting. and 
high temperatures and long days of summer (the 
1957). The 


tendency toward an increased growth rate shown for 


seventh harvest was made on May 8. 


the control plants by the upper end of the curve indi- 
cates that season may have been a major factor. The 
last harvest was made on August 22. 1957. 

The ranking of the yields of the treatments and the 
pattern of the appearance of significant differences 
among the treatments in the different harvests is 
what would be expected if Pratylenchus produces a 
deleterious effect on the growth of red clover. 

The results for the younger plants in Experiment II 
were similar. Significantly lower vields of the inocu- 
lated plants did not appear until 75 days (4 harvests) 
Again. the effect of the 
nematode gradually increased after a rather marked 


after cutting was. started. 


decrease in the rate of growth of the control plants. 
The change in the rate of growth of these plants wa: 
more @brupt. and occurred a month later in the season 
than that of the plants in Experiment I. 

In both experiments the percentages of dry weights 
(dry wt./fresh wt. 100) varied somewhat among 
harvests. but remained fairly constant among. treat- 
ments until the last 3 harvests in Experiment I and 
the last harvest in Experiment Il. In these harvests 
the control plants vielded notably higher percentages 
of dry weights. However. variation within treatments 
was high. and the differences were not statistically 
significant 


The data in Table 3 show that. at the conclusion of 


Experiment I. both the number of plants and_ the 


fresh weight of roots were significantly lower in the 


inoculated treatments. However these two effects 


were not proportional. The average root weight pet 


) 


plant was 0.27 g¢ for the control plants. and 0.13. 0.15. 


and 0.14 ¢ for the plants growing in soil initially 
LBL 2 I) ceights, u ran / ’ aitaita ou 
x i fii y infestec i iffere fer ” er ; 

r ) nooner fodes 


Root-lesion nematodes added per crock 


No davs 0 500 1180 2TO0 
| 105 y 1.90 2.03 1.88 
2 132 1.28 1.18 1.15 0.98 
162 1.63 1.38 1.23 1.15 
| 182 1.93 15g 1.43 1.33 
) 204 1.80 Lo L.15 1.48 
6 214 iz 1.05 0.75 0.05 
230 210 1.08 0.95*" 0.80** 
4 256 1.95 1.23 1) 1.08 ** 
9 271 1.25 0.53 0.45 0.50** 
10 99? 1.13 0.55 0.50 0.58 ** 
1] 13 0.88 0.28 0.38 6.257" 
12 36 1.38 0.65 0.68 Mees 
13 162 1.05 0.8 0.85 0.85 
lota 19.76 io,2 4 12.75 12.26** 
Difference from control significant at the 5 evel 
Difference f control significant at the 1 leve 


IN G 
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infested with 500, 1180, and 2700 nematodes per 
crock. respectively. The number of nematodes per g 
ef roots from the individual crocks varied consider- 
ablv. and differences among the inoculated treatments 
were not significant. The populations had reached 
essentially the same level during the experiments. 

The numbers of nematodes per g of roots shown in 
Table 3 are not maximal, Collecting was stopped 
before the roots were exhausted of nematodes because 
it was apparent that numbers great enough to indicate 
multiplication had been obtained. 

The results from Experiment II were similar except 
that the number of surviving plants in the nematode- 
infested soil was not significantly lower than that of 
the control. The average weights of roots per plant 
were 1.07 g for the control and 0.55 g for the inocu- 
lated treatment. 

The imjury caused by the nematode to the roots of 
red clover seems to be a more important factor in the 
results of these experiments than the reduction in the 
number of plants. The average vield of shoot growth 
per plant can be determined with certainty only with 
data from the final harvest because stand counts were 
not made during the experiments. The average dry- 
weight vields per plant at the last harvest were 0.038. 
0.019, 0.027. and 0.026 g for the treatments receiving 


0. 500. 1180. and 2700 nematodes, respectively, in 
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te 


Taste 3.—Number of surviving plants, fresh weight of 
roots per crock, and number of root-lesion nematodes 
rg Kenl 
per gram of roots of Kenland red clover and Atlan- 
tic alfalfa growing in soil initially infested with dif- 
ferent numbers of root-lesion nematodes 


Nematodes Plants Plants Root wt. 
added per 
per crock crock 


Nematodes 
per gz roots 


SUrVIVInNgG per 


per crock crock (g) 


Re d ‘ lover 


0 20 16.8 4.55 0 
500 20 7.8* 1.03** 18,097 
1180 20 +.8** 0.73°° 30.849 
2700 20 5.0** 0.73** 16,342 

Alfalfa 

0 20 19.0 11.99 0 
300 20 LL.5S iu” 4,391 
1180 20 13.3 6.97* 2,772 
2700 20 125 6.61* 2.150 


* Difference from control significant at the 5% level. 
* Difference from control significant at the 1% level. 


Experiment I, and 0.25 and 0.11 g for the control and 
inoculated plants, respectively, in Experiment II. 
{/ja/fa.—The dry weights of the harvests of alfalfa 
are presented in Table 2. The results with alfalfa are 
similar to those with red clover, with 2 notable dif- 
ferences. With alfalfa the deleterious effect of the 


nematodes appeared sooner after cutting was started 

















16.0 = 
rr 
a: 
_— Pd 
“ 
| 
° | 
z 120+ 500 
= 
180 
rc) ——*-~—- 5 
w ACERT 8100 
z til 
7 — 
x 
= 
6.0 - 
| 
bE 
| 1 ] | 1 a | i 1 l i l l 
105 132 162 182 204 214 230 256 27! 292 313 336 362 
AGE IN DAYS 
Fic. 1. Cumulative dry weights of Kenland red clover of root-lesion nematodes. The figures at the ends of the 
grew n soil initially infested with different numbers curves denote the number of nematodes added per crock. 


- o- 


-"*# 


— 





— ee 


-_ 
Te 
— - 


ee 








528 HY TOPATHOLOGY Vol. 48 




















than with red clover d the ere periods of re periment Il were more nearly like those for red 
covery with alfalfa that were t apparent with red clover. Periods of recovery were not apparent. Sig- 
clover. The delay afte: tt was started in the nificantly lower yields of inoculated plants appeared 
appearance of significant differences was 57 days (2 94 days (3 harvests) after cutting was started. Again. 
cuttings) for the med igh coneentrations this was earlier than with red clover. As in the red- 
and 77 days (3 cutting for the low concentration clover Experiment II, the effect of the nematodes 
of nematodes. Total vield ts in all 3 inocu increased after a decrease in the rate of growth of 
lated treatments were wer than the total the control plants. 
vield of control plants The recovery of alfalfa from periods of significant 
Periods of recovery are shown by the changes in nematode injury is further indicated by calculating 
significance of differences eld at the fifth and the average yield of shoot growth per plant. Again. 
thirteenth. sixth and thirteent nd fifth. sixth, and this can be done with certainty only with data from 
thirteenth harvests fro: the high. medium the last harvest. In Experiment Il the average drvy- 
and low” concentratior ematodes. respectively weight vields per plant of the final harvest were 0.17 
The effect of season is indicat vy the fact that these and 0.067 g for the control and inoculated plants, 
periods of recovery occurred betore ind ifter the respectively However. in Experiment | they were 
summer season The fiftl , ind thirteenth har 0.055. 0.072. 0.064, and 0.067 ¢ for the plants receiy- 
vests were made on Apr \pril 22. and Septem ing O. 500. 1180. and 2700 nematodes. respectively, 
ber 17. 1957, respective \s with red clover. the In Experiment | the alfalfa was in a period of recoy- 
effect of the nematod e severe during the ery at the final harvest. Assuming the same number 
summer months of plants at the next-to-last harvest. the average dry- 
Growth curves for Halt re shown in Fig. 2 weight vields for the same order of treatments were 
Although similar to those | clover they Indicate 0.073. 0.057, 0.051, and 0.058 g. 
a more consistent rate of grov for the control plants \s with red clover, the percentages of dry weights 
The association betwee lecreased rate of growth in both experiments varied somewhat among harvests, 
of control plants and nere g effect of the nema but remained uniform among treatments until the last 
tode was not as apparent wit! falfa as it was with cutting in Experiment Il. when the control plants 
red clover vielded notably higher dry weights. This result) was 
The results for the falfa plant Ey obtained only in the eleventh cutting in Experiment I. 
i8.or 
= 
soc 
8c 
© ia 
z 120 270C 
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> oF | 
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Pay 
60Pr- 
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eee J | i Reeail j | a | 1 1 4 1 
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AGE IN DAYS 
Fic. 2. Cumulative dry w Atlantic alfalfa grow lesion nematodes. The figures at the ends of the irves 


ing in soil initially infe f root denote the number of nematodes added per crock 
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4. with red clover, the differences were not. statisti- 
cally significant. 

The number of surviving plants. fresh weight of 
roots per crock, and number of root-lesion nematodes 
per g of roots at the conclusion of Experiment I are 


presented in Table o. The average root weights per 
plant were 0.63. 0.62. 0.52. and 0.53 g for. respec- 
tively. the control plants and the plants growing in 
the low. medium. and high concentrations of nema- 
todes. 

These weights indicate that. for the differences in 
reot weight per crock to be significantly different. the 
differences in number of plants per crock should have 
been significant. Apparently. by the end of the ex- 
periment, root weights had become maximal for the 
conditions of each treatment. regardless of the number 
of plants. The number of plants per crock varied 
widely within treatments. 

The differences among the number of nematodes 
per g of roots are not significant. and, as in the red 
clover experiments. the number of nematodes is not 
maximal 

For Experiment IT the average root weights per 
plant were 0.98 and 0.57 g for the control and inocu- 
lated plants. respectively. These results are similar 
to those for red clover. The weight of roots per cro k 
was significantly lower from the plants growing in 
the nematode-infested soil, but there was no signifi- 
cant difference in the number of plants per crock. 

Discussion.—The results obtained in these experi- 
ments are attributed primarily to the deleterious 
effects of the root-lesion nematodes on the growth of 
red clover and alfalfa. However. because of unidenti- 
fied fungi and bacteria in the inoculant, the results 
cannot be attributed solely to the nematodes. The 
controls and the nematode-inoculated treatments prob- 
ably received different fungal and bacterial popula- 
tions: the heat treatment was effective in eliminating 
nematodes from the suspension, but is believed to 
have been relatively mild so far as its effects on fungi 
and bacteria are concerned. 

For both red clover and alfalfa the effect of the 
nematodes did not become marked until some time 
after the cutting of top growth was begun. The vields 
of the first harvest of red clover in both experiments 
and alfalfa in Experiment I were slightly lower from 
plants growing in nematode-infested soil than from 
the control plants. In Exveriment II there was no 
difference between the vields of alfalfa in the first 
harvest. A similar delay was obtained with Ladino 
clover by Good and Blue (2). This delay indicates 
that these nematodes may not be particularly harm- 
ful when plants are under favorable conditions for 
growth. but that they can become very effective patho- 
gens under adverse conditions for growth. It has been 
shown repeatedly (3. 4. 6) that frequent and close 
cutting of the top growth of many species of plants 
including red and Ladino clovers and alfalfa. results 
in reduced growth, reduced carbohydrate content. and 


other marked physiological changes of the roots. The 
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over-all effect on the plants is reduced growth. Com- 
paring the growth of the control plants in these ex- 
periments indicates that red clover is more severely 
affected than is alfalfa. 

The periods of apparent recovery from injury bv 
the alfalfa plants indicate a fundamental difference 
between the reactions of red clover and alfalfa to 
these nematodes. If the activity of the nematodes is 
confined to the smaller, branch roots of the tap roots 
of alfalfa. it might be expected that. after a period of 
multiplication of the nematodes. the small roots would 
be so badly damaged that the nematode population 
would decrease. While the nematode population is 
low the plants would recover. drawing on stored food 
reserves in the tap roots and producing new branch 
roots. As the new branch roots develop the nematode 
population would increase until severe root damage 
occurs again. Whether correlative nematode popula 
tion changes and changes in the amounts of root dam 
age and plant growth actually oceur remains to he 
determined. Such a cycle might not be expected to 
occur in red clover, with its more fibrous root system 

The effect of the nematodes was generally more 
severe during the summer months. Both 7. coffee 
(8) and P. minyus (7) have a direct relationship bhe- 
tween multiplication rate in the roots of strawberry 
(Fragaria chiloensis Duch.) and tobacco ( Vicotiana 
tabacum L..). respectively, and increasing soil tem 
perature. If this relationship is also true for 7’. pene 
trans, the increased temperatures of the summer 
months. coupled with the weakened condition of the 
plants resulting from the frequent cuttings prior to 
the summer. would result in a favorable situation for 
demonstrating the pathogenicity of the nematodes 

Because red clover and alfalfa are perennial plants, 
it would he expected that. during several growing 
seasons, defoliation by disease, insects, mowing. and 
grazing and the effects of such factors as drought 
and winter injury would frequently provide condi 
tions conducive to severe injury by these nematodes, 
Thus, these nematodes could be important factors in 
the loss of stand and production of established plants 
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shells remained a source of inoculum after being 
cured and stored over winter. Aside from the vari- 


ous degrees of debility shown by infected plants. 
infection of the pegs was correlated with a peg rot 


condition resembling the peg rot disease caused by 





J. M. Good.? L. W 
Several experiments were conducted to establish 
host-parasite relationships and pathogenicity of 
root-lesion nematode Pratylenchus brachyurus 
(Godfrey. 1929) Goodey L951, on peanuts and to 
define the role of this parasite in the peg rot dis- 
ease of peanuts. Root-lesion nematodes were found 
in the roots, pegs ind mature shells of peanuts, 
but were most numerous the shells. where they 
colonized in dark-colored necrotic lesions. Infected 
Little is known concerning the pathogentk ity and 
economic importance of plant parasitic nen itodes 
other than root-knot species « peanuts in Georgia 
The root-knot nematodes—V/ oyne trrenarta 
(Neal, 1889) Chitwood 149. and WV. hapla Chitwood 
1949—have been reported a rasites of considerable 
importance on peanuts in the najor peanut produc ing 
counties of south Geor i th Alabama. and north 
Florida (3. 6. 12) Inasn root-lesion nema 
todes, Pratylenchus <pp “ is frequently as root 
knot nematodes in these pe t-growing sections. the 
series of investigations reported in this paper was 
initiated to determine the pathogenicity of root-lesion 
nematodes on peanuts. effect { parasitism on peg 
development. survival of root-lesion nematodes in pea 
nut shells. their relation to peg rot. and the effective 
ness of soil fumigation lling these parasites 
on peanuts under field conditio 
The first report of root-le ematodes on peanuts 
in the United States wa made bv Steiner a who 
ilustrated the conspicuous shell lesions on Spanish 
and Runner peanuts caused ndescribed species 
of Pratylenchus collected at Holland, Virginia. Late 
(9) he described the smooth-headed meadow nema 
tode, P. leiocephalus Steiner, 1949. on peanuts col 
lected near Fairhop: \labar Bovle (1 found 
large numbers of P i s in dark-colored pock 
marks on Spanish peanut n (,eorgla He ilso ob 
Accepted for publication \ 19 
Cooperative investigatior twee the Crops Research 
Division, Agricultural Research Ser { S. Department 
of Agriculture, and tl! ( I \gricultural Experiment 
Station 
*Nematologist and Gene ctively. Crops Re 
search Division, Agricultur R rch Service. U. S. De 
partment of Agriculturs 
* Plant Pathologist. ¢ I \ tura Experiment 


Station, Experiment, | 


Sclerotium rolfsti. Root-lesion nematodes and_ ne- 
crotic peg and shell lesions were reduced in field 
plots by soil fumigation. 

served that these necrotic lesions were not so con- 


spicuous on the thicker-shelled Virginia Bunch pea- 
found P. leio- 
cephalus on peanuts in the greenhouse and field but 
did not find P. zeae Graham, 
that Sher and 


leiocephalus with P. 


nuts. In South Carolina. Graham (5) 


1951. which is common 
Allen (10) 


brachyurus 


on corn in state. svnony- 


mized P ( Godfrey, 


1929) Goodey, 1951, and reported its occurrence in 
peanut shells and roots from several locations in 
Georgia. Good. Robertson. and Thompson (4) re- 


ported P. leiocephalus on peanuts at the North Florida 


Experiment Station, at Quincy. Thus. in cases where 


root-lesion nematodes infecting have been 


peanuts 


identified as to species in the United States. the spe- 


cies has alwavs been P. brachyurus. 


Crop rotation studies involving root-lesion nema- 
todes have indicated that favorable 


In North Carolina. Sasser 


peanuts are not a 
host for their reproduction. 
(7) reported that roots of corn and cotton contained 
about nematodes as 
South 


nematodes in 


twice as many root-lesion roots 


of peanuts. Graham (5) found in Carolina 


that the number of root-lesion peanut 
roots was low during the entire growing season. and 
that root-lesion nematode counts were lower in tobacco 


following peanuts than following either cotton or corn. 


From two- and three-year rotations in Florida. Good 
(2) found that peanuts significantly reduced root- 
lesion nematode populations. The more frequently 
peanuts were grown in the rotation, the lower was 


the population of these parasites. 
Field 
infected 


PRELIMINARY OBSERVATIONS. observations 


have indicated that with root-lesion 


pods 


nematodes occur frequently on the Southern Coastal 


Plain. and that these might be an effective medium 
for spread of infestation. Susceptible crops were 


often nematodes 


had 


severely infected with  root-lesion 


when growing in spots where peanuts been 
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stacked or pl ked. \ concentration of shells and cides, only 6 per cent ot the pods were left in the 
roots is usually left in the field at these points. In ground, whereas 19 per cent were left in the ground 


addition. trial plantings in greenhouse pots indicated in the unfumigated control plots. The peg rot, and 


that peanut shells, not the seed from infected pods, resulting yield losses from leaving part of the crop in 
carried an inoculum of P. brachyurus (Fig. 1). On the field at harvest, were very similar to that usually 
ene occasion, large populations of root-lesion nema- attributed to Sclerotium rolfsii. 

todes were found in a field where peanuts were not In 1955 a field of Runner peanuts, heavily infested 
harvested (because of adverse weather conditions), with root-lesion nematodes, was found with chlorotic 


whereas an adjacent area of the same field. harvested areas of stunted plants. This condition could not be 
on schedule. had no outstanding root-lesion nematode attributed to extremes of soil moisture, low soil fer- 
problem. tility, or any known disease of peanuts. Roots and 
Following an observation that pegs of peanuts in shells from chlorotic plants harbored more parasites 
control plots of a soil fumigation experiment were than healthy plants, and, surprisingly, the shells con- 
heavily infected by P. brachyurus, an attempt was tained about 6 times as many root-lesion nematodes 
made to determine the percentage of pods left in the as did the roots. 
ground at harvest because of a weakening or rotting These observations, made over several years, served 
of the mature pegs, or supporting stalks. which was as a background for the several experiments reported 
associated with the heavy infection of root-lesion herein. 
nematodes. In plots treated with standard nemato- GENERAL METHODS.—Unless otherwise stated, root- 





4 


Fic. 1-4. Fic. 1. Carry-over of Pratylenchus brachyurus to uninfected soil from infected peanut shells. Three plants 
on left were infected from nematode inoculum carried in pod of unshelled seed. Plant on right grown from seed re 


oved trom infected shell before planting Fic. 2 Necrotic peg and pod lesions on Spanish peanuts caused by P. 
brachyurus Fi ) Effect of root-lesion-nematode-infected peanut shells left over winter in the soil on succeeding 
planting of Runner peanuts Three plants on left, grown in soil containing shells infected with root lesion nema 
todes, had a large number of parasites in roots. Three plants on right were controls, free of parasites Fic. 4. Runner 
peanut injury from root-lesion nematodes that survived in cured shells stored over winter. Two control plants on left 
were grown in soil that did not contain infected shells. Two plants on right were grown in soil to which had been 


added [5 dried shells infected with root-lesion nematodes 








532 PHY TOPATHOLOGY Vol. 48 


lesion nematode counts wer ide on 5-g tissue sam- 
ples, whi h were processed iecording to the method 
of Taylor and Loegering 1 | Samples were trag 
mented in a Waring Blendor for 30 seconds and 
washed directly into Baermann funnels for nematode 
extraction. After 18 ho irs the nem itode — were dy iwn 
from the funnels and counted 
Methvl-bromide-fumigated soil. a Tifton sandy loam 
to which was added 4-12-12 fertilizer at a rate equiva 
lent to 350 Ib per acre, wa ised in all pot experi 
ments. Field plots received 500 Ib. per acre of 4-12-12 
fertilizer before planti: ind an equal amount of 
gypsum midway in the season. Test plantings included 
only Spanish and Runner peanuts because previous 
experience indicated that nematode lesions were less 
conspicuous on Virginia-type nuts than on thinner 


shelled ty pes 


OCCURRENCE OF ROOT-LESION NEMATODES IN SHELLS 
ROOTS, AND PEGS OF PEAN Vaterials and methods 

During the summer of 1956 a field of Spanish 
peanuts (not referred to before in this paper) heavily 
infected with P. brachyurus was selected for a study 
of lesion nematode host parasit e| tionships Several 
hundred plants were dug and examined to determine 
the degree of infestatio: For root-lesion nematode 
counts, 10 5-g samples of roots, shells, and seed from 
infected pods were taken at random from plants 
collected in the field \dditional observations were 
made on the occurrence of tl nematodes in the 
elongating pegs. mature pegs. and pods by dissecting 


the tissue under a microscope. A few shells were pre 


served in 5 per cent formalin, and later stained with 


iron alum hematoxylin and nter-stained with saf 


rinin-O, sectioned at 20 ind examined for nema 
todes. 

Results Large popul itor rT root lesion nema- 
todes were found in elongating pegs, mature pegs. 


and pods, No nematodes were found in seed taken 
from infected shells. Before harvest. large numbers 


of root-lesion nematodes were found in the tips of 


young pegs that did not ippear to he developing 
normally. The infected tins of young pods were often 
decayed and somewhat distorted. but the basal por 
tion appeared normal. Occasionally, colonies of para 
sites were found in lesions at the junction of the 
mature pod and peg, resultin n a weakening of the 
pod attachment point In addition the peg. or sup 
porting stalk, was frequently attacked at one or more 
points, causing severe necrosis and shriveling of the 
mature peg where necrotic pockets of nematodes 
occurred (Fig. 2) Root-lesio ematodes were difh 
cult to detect. in pegs early in the growing season. 
but were easily detected In mature pegs ind pods 
when shell necrosis became conspicuous shortly be 


fore harvest. Lesions on the mature shell. o1 peri 
carp, were purplish brown ind co ild he distinguished 
from soil microbial decomposition by their darker 
color and distinct boundaries, which did not fade 
gradually into the healthy surrounding tissue. as with 
microbial decomposition. Adults. larvae. and ¢ 


rs of 


ria! 


root-lesion nematodes were found in these lesions: 
frequently. several hundred adults were dissected 
from a single lesion. Microscopic examination of 
fixed, stained. and sectioned pieces of infected shell] 
showed that the nematodes were in the tissue between 
the vascular network of the pericarp. Several nema- 
todes were observed in a position that suggested they 
were feeding on cells that lav along the vascular 
tissue. 

Actual root-lesion nematode counts on 5-g simples 
of shell and root tissue gave an average of 91 para- 
sites in root tissue. and 722 in shell tissue. Based 
on these averages, the root-lesion nematode population 


in the shell was about 8 times as great as that in the 


roots. 
SURVIVAL OF ROOT-LESION NEMATODES ‘\ LNUT 
SHELLS UNDER FIELD AND STORAGE CONDITIONS To 


establish survival of P. brechyurus in peanut shells 
under controlled conditions, infected shells were left 
in soil over winter or dried and stored over winter. 
No effort was made to determine the mechanism of 
survival or the stage of the nematode that survived 

Vaterials and methods.—Fifteen freshly harvested 
nematode-infected Runner peanuts were placed in 
sterile soil in each of 8 2-gal. pots to determine the 
over-winter survival of root-lesion nematodes in  pea- 
nut shells left in the soil. An additional 8 pots. not 
inoculated with infected pods, served as controls. The 
pots were left out-of-doors during the winter, and. 
except for an occasional rain, no water was added 
during the winter. The following spring. 4 ines ulated 
and 4 control pots were planted with Runner peanut 
seed. \ristogold) sweet corn seed was similarly 
planted in the other inoculated and control pots. 
Nine weeks later the soil was washed from around 
the roots, and the reot systems of 2 plants from each 
pot were placed in jars for nematode extraction by 
the method described by Young (13). Counts were 
made on the number of root-lesion nematodes that 
migrated from the roots after 72 hours. 

lo determine the survival of root-lesion nematodes 
in stored peanuts, freshly harvested nematode-infected 
Spanish peanuts were dried in the sun on trays until 
the moisture content of seed was 10 per cent, as de- 
termined by a Steinlite Moisture Tester. After drying, 
the pods were stored 8 months in open glass jars at 
room temperature The moisture content of pods 
during the greater part of the storage period was 
probably about 5 per cent because. under heated and 
well ventilated storage conditions. pod moisture 
quickly drops to about that percentage. In June, 
1956. shells from 15.) dried pods were selected at 
random and mixed in the upper 2 in. of sterile soil 
in each of 3 2-gal. glazed pots. Three other pots con- 
tained only sterile soil. Four Runner peanut seeds 
were planted in each pot and. after emergence. 
thinned to 1 plant per pot. The pots were placed in 
a slathouse for maintenance. At plant = maturit } 
months later. the soil was washed from the roots for 


root observations and root-lesion nematode extraction 
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by the method of Taylor and Loegering (11). Pieces 
of roots and several mature pods from the pots were 
checked for pathogenic fungi on nutrient agar plates 
by H. W. Rankin. 

Resu/ts.—Peanut shells carried an inoculum of root- 
lesion nematodes when dried and stored over winter 
and when left in soil over winter. Peanut roots taken 
from soil inoculated the previous fall with root-lesion- 
nematode-infected pods had an average of 143 root- 
lesion nematodes for 2 plants from each pot. Infected 
plants had smaller leaves and a more restricted root 
system than uninfected plants (Fig. 3). The roots of 
sweet corn from. soil inoculated with infected pods 
had an average of 116 root-lesion nematodes for 2 
plants. Infected sweet corn plants showed more firing, 
and were slightly smaller than uninfected plants. The 
only discernible difference between infected and un- 
infected root systems was that infected roots were 
slightly discolored by small, brown lesions caused by 
root-lesion nematodes. Root-lesion nematodes were 
not present in roots of either sweet corn or peanut 
control plants. 

Root-lesion nematodes were found in the roots, 
pegs. and mature shells of all plants grown in pots 
inoculated with dried nematode-infected pods that 
had been stored over winter. None were found in the 


control plants. Roots of infected peanut plants had 
an average of 487 lesion nematodes per gram ot root 
tissue. Infected plants were stunted; had decayed 
root systems. runners, and pegs: and had smaller 
mature fruit than control plants (Fig. 4). Colonies 


of miscellaneous microorganisms, including Rhizoce- 
tonia, developed on the nutrient agar plates inocu- 
lated with root and shell tissue from both infested 
and uninfested pots. Sclerotium rolfsii was not  iso- 
lated from plant tissue in this study, nor were there 
visible signs of this organism on the roots, pegs. pods, 
or stems of experimental plants. 

SOI FUMIGATION FOR CONTROTI OF ROOT-LESION 
NEMATODES AND ASSOCIATED PEG ROT OF PEANUTS. 
This experiment was conducted to determine whether 
soil fumigation. either as a preplanting or post-plant- 
ing treatment. would control root-lesion nematode 
infection and reduce pod losses at harvest due to 
weakness of infected pegs. 

Materials and methods.—The experiment consisted 
of 2 adjacent tests of the same design, with preplant- 
ing row fumigants in one and _ post-planting treat- 
ments in the other. Plots were located on a Tifton 
sandy loam with a history of root-lesion nematode 
infestation. Each test. a randomized block. contained 
6 replications of 4 32-in. rows 25 ft. long per treat- 
ment. Preplanting soil fumigants were applied on 
April 13, 1956, and consisted of D-D (by weight. 50% 
1.3-dichloropropene and 50° |.2-dichloropropane } 
and Telone (by weight. 95° 1.3-dichloropropene ). 
Both chemicals were applied at the rate of 11.2 gal. 
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per acre in 32-in. rows by tractor-drawn equipment 
of the gravity-flow type. For the post-planting appli- 
cations of nematocides, 2 formulations of Nemagon 
(1,2-dibromo-3-chloropropane) were used: by weight, 
technical material 
on Attaclay granules. The emulsible liquid formula- 


70.3% emulsible liquid and 10‘ 


tion was applied at rates of 0.9 and 1.8 gal. per acre 
of technical material, and the 10° granular material 
was applied at a rate equivalent to 0.9 gal. per acre 
of technical material. These applications were made 
at a depth of 3 in., with an equal dosage at 3 in. to 
each side of the row. Liquid formulations were in- 
jected with a handgun at 12-in. spacings along the 
rows. The granules were spread evenly in furrows 
that were opened and closed with a garden plow. 
Post-planting applications were made when plants 
were beginning to bloom 

All plots were planted with Southeastern Runner 
peanut seed 10 days after the preplanting fumigants 
were applied. One hundred and forty days later the 
plants were dug with a mechanical digger-shaker, and 
immediately examined for shell lesions. Each plot 
was rated for prevalence of shell lesions by an index 
system of 0-4 (0. none: 1. trace; moderate; 3, 
heavy: and 4, almost completely covered). One quart 
of pods was taken at random from the vines of each 
plot; 5-g shell samples were later taken from these 
field samples for lesion nematode counts. 

Yields were recorded in pounds ot pods per plot, 
and the percentage of pods left in the ground at 
harvest was estimated by recovering the pods left in 
the soil by sifting the soil from 20 row-feet of each 
plot over 14-in. hardware cloth. The weight of re- 
covered pods was adjusted to 100 linear feet of row 
per plot, which figure was used in estimating the 
percentage of the total crop left in the ground at 
harvest. 

Results—Preplanting row fumigation with D-D and 
Telone significantly reduced the number of root-lesion 
nematodes and effectively controlled these parasites in 
peanut shells (Table 1): the incidence of necrotic 
lesions on peanut shells was significantly reduced by 
both treatments. Peanuts grown in fumigated plots 
were practically free of shell discoloration. whereas 
shell discoloration was present in the unfumigated 


plots. 


Tasre | Effect of preplanting row fumigation on number 
of root-lesion nematodes recovered from she tissue 
of Runner peanuts, and on necrotic-lesion index of 


mature peanut shells 


Av. no. nematodes 


per 5-g of shell Ay, necrotic-shell 


Treatment tissue index* 
D-D (11.2 gal./A.) 1.8 02 
Pelone (11.2 gal./ A.) 6.5 04 
Unfumigated check 92.5 24 
LSD .05 14.9 0.7 
LSD 0] 75.) 1.0 

0. none: 1, trace: 2. moderate: 3, heavy 1. almost 


comp ele ly covered 
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No phytotoxicity was observed for the various 
Nemagon post-planting treatments. and the numbers 
of root-lesion nematodes in peanut shells were sig- 
nificantly reduced The emulsible liquid injection 
rates of 0.9 and 1.8 gal. per acre of technical material 
appeared to give slightly better control of these para- 


sites than did the granular material. which contained 


} 
| 


0.9 gal. per acre of technical 1,.2-dibromo-3-chloropro 
pane (Table 2). Plants that received post-planting 
applications of Nemagon produced pods that were 


bright and practically free of discoloration. This was 
not true of pods from plant erown in unfumigated 
soil. 


No significant difference was found for any of the 


chemicals used in this experiment for vield of pods 
harvested or for percentage of the crop left in the 
ground at harvest The trend was. however. for a 
larger pod harvest in treated plots because a greater 
percentage of the crop was lifted at harvest Peanut 
vields and incidence of peg rot and root-lesion nema 
tode injury to pegs and pods were smaller than antici 
pated but this disparity was probably related to rain 
fall during the critical period for pod development 
Rainfall during August. 1956, totaled 1.79 in.. far 
short of the 34-year average tos for the Tifton 


area: it was the second-driest August on record. This 


drought, coupled with an average monthly maximum 
temperature of 93.2°1] caused frequent wilting of 
peanuts for several consecutive days at intervals 
throughout the month. resulting in sharply curtailed 
vields in the area. Since adequate soil moisture is 
prerequisite for extensive activity of S. rolfs inci 
dence of peg rot was reduced by drought These 
conditions, no doubt. also resulted in less nematode 


damage to pegs and pods. The effect of these factors 
on Vie ld response in tumigated plots ind on pod 
losses. though not directly measurable. was undoubt 
edly of considerable importance to the outcome of 


these experiments 


Discussion.—From the foregoing experiments it Is 
fairly well established that root-lesion nematodes are 
a primary cause of characteristic dark-colored. ne 
crotic lesions on peanut pegs and pods. These experi 


ments also established that the root-lesion nematode 
P. brachyurus, can be a dest tive parasite of pea 
nut- Although the dama 


wide area in the peanut belt of Georgia, Alabama. 


frequently over a 


and Florida, the economic importance of this pest in 
the peanut-growing sections of the Southeast has not 
been established. On heavily infested land. vield 
losses from root-lesion nematodes can be attributed to 
destruction of root tissue. injur young pegs. and 
failure to harvest the entire Undoubtedly. root 
injury is important, but peanut yields will ultimately 
be determined by normal development of pegs: there 
fore root-lesion-nematode injury to voung pegs ay 
pears to be particularly important. Yield losses in 
the form of reduced pod production have been asso 
ciated with P. brachyvurus on a number of occasions 


from experimental tests and field observations 


Peg rot of peanuts is usually attributed to S. rolfsii, 
but this series of experiments indicates that a peg rot 
condition may also be caused by root-lesion nema- 
todes. The possibility of a disease complex, involving 
microorganisms and _ root-lesion nematodes, was _ not 
definitely eliminated, but the evidence suggests that 
root-lesion nematodes are capable of causing a de. 
terioration or weakness of the peg similar in effect to 
that produced by S. rolfsit infection. The parasitic 
role of root-lesion nematodes in producing peg rot 
does not minimize the importance of S. rolfsit as a 
pathogen on this crop plant, because peg rot caused 
by S. rolfsit is a distinct disease; however. S. rolfsti 
and P. brachyurus are frequently found occurring 
together as pathogens. 

The concept that peanuts are less likely to increase 
root-lesion nematode populations than are other crop 
plants, such as cotton. corn. and tobacco. should be 
modified, since previous studies on population dynam- 
ics involving these crop plants were based primarily 
on nematodes recovered from soil and root samples, 
When pods and pegs as well as roots are considered, 
the peanut plant is a favorable host for P. brachyurus, 
because reproduction in shell tissue is 6-8 times as 
great as in an equal weight of root tissue. However, the 
agronomic practice of growing peanuts in rotations 
with other crop plants is basically sound because 
many infected pods are normally removed from the 
field at harvest. Peanut shells. therefore. act as a 
“trap crop.” in that large numbers of these parasites 
can be removed from the field if the crop is harvested 
properly. Experience has shown that early harvesting 
will remove more diseased pods from the field than 
will delayed harvesting. Timely harvesting of peanuts 
to remove root-lesion nematodes from the field should 
be considered an important phase of peanut produc- 
tion, especially if peanuts are grown in a_ rotation 
system to reduce root-lesion nematode populations. 

Peanut shells are processed and used in a number 
of different ways. but peanut shell mulches around 
such plants as ornamentals and = strawberries may 


serve as a source of inoculum for these destructive 


| ABLE 2. Efe {t of Vemagon post-p anting treatment at 


blooming on number ot root-leston nematodes recov- 


ered from shell tissue oft Runner peanuts, and on the 


necrotic-lesion index of mature peanut shells 


Av. no. nematodes 


per 5-g of shell Av. necrotic-shell 

lreatment tissue index" 
Emulsible Ne mavon 

0.9 gal. A 0.0 0.1 

1.8 gal. A 0.2 0.1 
10° Granular Nemagon 

0.9 gal. A 14.8 0.1 
Unfumigated check 192.0 1.3 
LSD .05 171.2 ().2 
LSD .01 269.4 0.4 

0. none: 1, trace: 2, moderate: 3, heavv: 4. almost 
completely covered 


technical 1,2-dibromo-3-chloropropane 
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parasites. The studies reported here emphasize the 


need for further work with commercially processed 
materials to evaluate each with respect to spread of 
root-lesion nematodes. 

In fields where the root-lesion nematode problem 
becomes serious, the condition can be corrected by 
soil fumigation. Row fumigation with standard ne- 
matocides and row post-planting treatment with 1,2- 
dibromo-3-chloropropane, applied when the plants 
begin to bloom, may prove to be effective in preventing 
lesion nematodes from injuring pegs and building up 
large populations in shells. Soil fumigation may also 
be an aid in the production of certain varieties sold 
for consumer consumption in the shell. This type of 
trade requires bright shells, and soil fumigation can 
eliminate at least one cause of shell discoloration. 


the root-lesion nematode. 
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OBSERVATIONS ON THE PATHOGENICITY OF BIOCHEMICAT 
MUTANTS OF PSEUDOMONAS TABACI 


KE. D. Garber and Howard E. Heggestad 


SUMMARY 


Biochemical mutants of Pseudomonas tabaci 
(Wolf and Foster) Stevens requiring certain amino 
acids for growth were inoculated into leaves of 20 
varieties of Nicotiana tabacum LL. and 10. other 
species of Nicotiana. The mutants were not patho 
genic for most of the species and varieties, and no 
species or variety was susceptible to all the 
mutants. The species NV. longiflora Cav... V. repanda 


Willd. ex Lehm.. V. rustica brasilia Schrank, an 
the N. tabacum varieties Burley 21. Bel 6-62, an 
Bel 248 2D were resistant to all the biochemi i 
mutants as well as to the parental wildfire isolate 


R-3. Only the mutant requiring leucine was patho 
genic for any variety of V. tabacum. N. glutinos 
| was susceptible to 4 of the 5 mutants, being 
susceptible to more mutants than any othr host 





Biochemical mutants of pathogens have become 
valuable tools in studying the role of nutrition in the 
host-parasite relationship (5). Animal and plant bae 
terial pathogens and plant fungal pathogens have been 
used. and the results of these investigations have led 
to the formulation of a nutrition-inhibition hypothesis 
of pathogenicity (6): that is, two environments In 
the host directly affect the fate of the invading para- 


site i nutritional environment and an_ inhibitory 


Lecepte tor publication Mav 13 19.04 
\ part of this investigation was aided by a contract (NR 


103-2¢ tween the Office of Naval R ch. Depar 
of the N il e University of Chica DY grant 
tr the |) \ e | ind Clara A \ AY i | 


environment In studies with one bacterial plant 
pathogen. different species and varieties were inocu- 
lated with biochemical mutants and a_ pattern of 
susceptibility and resistance was observed that could 
be interpreted as an expression of the relationship 
between the demand for a required amino acid by the 
parasite and the supply of this nutrient by the host 
The wildfire bacterium. Pseudomonas tabaci (Wolf 
& Foster Stevens. produces an exotoxin, detectable 
is a bacteria-free. chlorotic halo surrounding the 
necrotic focus of infection in the leaf at the site of 
inoculation (2) Preliminary experiments (8) indi- 
ited that this bacterial species would yield biochemi 
eal mutants by procedures used for Escherichia coli 
Migula Castel. & Chalm ind Erwinia arotdeac 
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Town. This paper presents observations on the re- 
sistance or susceptibility of 20 varieties of Nicotiana 
tabacum L. (commercial tobacco) and 10 other spe- 
cies of Nicotiana to 5 biochemical mutants of Ps. 
tabaci and to the parental isolate designated R-3 


MATERIALS AND METHODS.—Procedures for induc 
ing. isolating. and characteriz biochemical mutants 
of Ps. tabaci followed procedures reported in detail 
for E. aroitdeae (9 \ different minimal medium 
(11) was solidified with Noble 


a solid medium was required. The complete medium 


(Difco) whenever 
contained either nutrient or nutrient agal 
(Difco) supplemented with 0.5 per cent yeast extract 
All mutants were maintained on a medium containing 
Bacto-agar. glucose, yeast extract. and calcium car 
bonate All were incubated at 30° ¢ 


To prepare inocula for the pathogenicity tests, the 


bacterial growth was washed off the surface of slants 
of complete medium, using sterile distilled water. The 
turbid suspensions were centrifuged, washed once 


, , 

Panre | The respons \ a ar arte 
fies of \ taba 7 mime I foba oO) to ino a 
tion with Pseudomonas ta train R3 


diametet! 
Host nm) 
Susceptible 
VN. debnevi Domi 8 10 
\ glauca (,ral , 
NV, giutinosa | ba 
\ nesophi a Johnstor } 
VN. raimondii MacbBrid 6-10 
\. sylvestris Spegaz & Come ae be 
\ ftomentosiftormis (.o isp 2 
\ tabae um | 


Burlev 2 Te 
(.atterton 


Coker 139 2 6 
Connecticut 49B 114 
Dixie Shade 1-12 
Caucharo 8-14 
Havana 142 210 
Hicks Broadleaf 8 
Kentucky 35 = 
Madole t-10 
Marvland Mammot! 8 
Samsun 4 
Swarr-Hibshmant 6-16 
rl 87 (Americar | 
rl 170 (Daruma 1-6 
Timer } 
Variety 402 6 

Resistant 

V. longiflora Cay ft) 

V. repanda Willd. ex 

V. rustica brasilia Schrank () 

V. tabacum | 
Burley 21 0) 
Bel 248C2D 0 
Bel 6-62’ 0 

One inoculation made ot cl f 3 plants. Scored 12 
days after inoculation feltsvi Mad ine. 195 
"Varieties and breedin nes with resistance to wildfire 


transferred from \ 
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and resuspended in distilled water lhe washing 
separates the bacteria from nutrients present in the 
medium and the accumulated exotoxin. The latter 
was removed because dilutions of the exotoxin, even 
when separated from the bacteria, may produce 
lesions on plant species that will not support growth 
of the bacteria (3). The washed bacterial suspensions 
were held about 4 hours at room temperature prior 


to the inoculations. 


The varieties of NV. tabacum used in the experi- 
ments are representative of widely different agronomic 
types, both domestic and foreign. The bios hemical 
mutants were tested on 3 9-week-old rapidly growing 
plants of each species and variety of Vicotiana in 
6-in. pots. The 2 largest rapidly expanding leaves 
at least 6 in. long and at the middle of the plant or 
higher—were selected for the inoculations. A drop 
of the bacterial suspension was placed on the upper 
surface of the leaf. which was inoculated by needle 
puncture through the drop. \s many as 4 separate 
tests were made on the same leaf by confining each 
inoculation to the area between 2 of the larger lateral 
veins on either side of the midrib. The relative patho- 
genicity of the mutants was determined by measuring 
the diameter of the chlorotic halo at the site of inocu- 
lation 12 days after inoculation. The parental isolate 
(R3) of Ps. tabaci was used as a control, making ] 
inoculation on each of the 3 plants of each host inocu- 
lated with the different biochemical mutants. 

Resutts.—The species of Nicotiana and the varie- 
ties of NV. tabacum differed in their susceptibility to 
isolate R-3 of Ps. tabaci, ranging from highly suscep- 
tible to resistant (Table 1). '. longiflora Cav.. N. 
repanda Willd. ex. Lehm., and N. rustica brasilia 
Schrank were resistant to isolate R-3. with no lesions 
developing after the inoculations. Included in the 
series of hosts were 3 varieties or breeding lines of 
V. tabacum—Burley 21, Bel 6-62. and Bel 248C-2D 
having wildfire resistance controlled by a single pair 
of dominant genes transferred from V. longiflora (4, 
10). As expected. Burley 21, Bel 6-62. and Bel 248C- 
2D were resistant to R-3 in these tests. The wildfire- 
susceptible varieties of V. tabacum showed about the 
same range of susceptibility to isolate R-3 as the 
susceptible Vicotiana spec ies (Table 1). 

Relatively few susceptible hosts and none of the 
resistant hosts listed in Table 1 were susceptible to 
the biochemical mutants (Table 2). In general. the 
chlorotic halo exhibited by the susceptible host inocu- 
lated with a biochemical mutant was smaller than 
the halo resulting from the inoculation of the same 
host with the parental strain. .V. glutinosa L. was 
susceptible to 4 of the 5 mutants. being susceptible to 
more mutants than any other Vicotiana species or 
variety of V. tabacum. N. sylvestris Spegaz. & Comes 
was susceptible to 3 of the 5 mutants. and it was one 
of the most susceptible hosts to the parental isolate 
R-3. Only the mutant requiring leucine was _ patho- 
genic for any of the varieties of V. tabacum. Rela- 


tively large lesions. of about the same = size, were 
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Ta 4 { summary of the response to Vicotiana species 
arieties found susceptible to biochemical mu 
p Pseudomonas tabaci" 
Chlorotic halo 
diameters 


Mutan! Requirements Host (mm) 
.) 4 irginine \. de bne vi t-6 
\. glutinosa 6 
N. sylvestris } 
%y- | eucine \. debnevi 64 
\. glutinosa } i) 
\V. sv/vestris 2-10 
V. tabacum 
TI 170 (Daruma) 2-6 
Swarr-Hibshmann 48 
Havana 142 6 
Catterton 24 
4.1.29 ‘ \. glutinosa +8 
V. raimondii +8 
39.4 -erine or glycine V, glutinosa +6 
7.4.3 ethionine V. sylvestris } 
V. tomentosiformis 2-4 
\)) species and varieties listed in Table 1 were tested 
t each mutant, 1 ino ulation was made on ea h of the 
} plants that were used to test Ps. tabaci, isolate R3, in 
Table scored 12 davs after inoculation (Beltsville, Md.., 
June r 
produced on yarieties Gaucharo and Swarr-Hibshman 
following the inoculations with R-3, but. of these 
varieties only Swarr-Hibshman was susceptible to the 
biochemical mutant requiring leucine. Other tobacco 
varieties susceptible to the same mutant were Havana 


142. Catterton. and the USDA Tobacco Introduction 
170 (variety Daruma). 


Disc tssioN.-The pattern of resistance and suscep- 


tibilit { the host species and varieties to the bio- 
chemical itants of Ps. tabaci parallels observations 
in similar experiments using biochemical mutants of 
h ( and species of vegetable and varieties of 


radish and turnip (5, 9). In those experiments, slices 
of the fleshy storage organs were inoculated with the 
biochemical mutants. It is interesting to note that 
Boone. Kline. and Keitt (1). using biochemical mu- 


tants of | enturia inaequalis (Cke.) Wint. and several 
varieties of apple. did not detect a pattern of suscepti- 
bility and resistance for their varieties and biochemi- 
cal mutants 


Altheugh the nature of resistance of certain species 


and varieties of Nicotiana to Ps. tabaci is not yet 


understood. the  nutrition-inhibition hypothesis — of 


pathoge ty (6) offers a possible explanation for 
the pattern of susceptibility and resistance of the 
species and varieties (known to be susceptible to Ps 
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tabaci) to the biochemical mutants. According to 
this hypothesis, the unavailability in the host of 1 or 
more nutrients required by the parasite for prolifera- 
tion and metabolism results in avirulence; availability 
of all required nutrients in the host, however, does not 
necessarily lead to virulence, since the host may also 
present effective inhibitory mechanisms. Unavailabil- 
ity of nutrients may result either from a low concen- 
tration of these nutrients in utilizable form or from 
the presence of antagonists or inhibitors that interfere 
with either the uptake or the utilization of the nutri- 
ents. Garber and Shaeffer (7) have presented evi- 
dence to support the nutrition-inhibition hypothesis. 
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Most reports on the o¢ rence ot powdery mil 
dew on cultivated lettu the United States 
before 1951 were found in error he report of its 
occurrence in the Salinas Valley in 1940 is valid 
but is based on infection of commercial-wild-lettuce 
hybrid 41858 by the Sal wild-lettuce strain 
rather than by the new ltivated-lettuce mildew. 
As far as known. powdet ildew presently occurs 


on cultivated lettuce o1 n the United States 


appears to have originated n the Salinas Val 


ORIGIN OF LETTUCE POWDERY MILDEW 


G. Grogan. and Roy Bardin- 


stl MMARY 


It 


ley 


in California. The strain responsible for a 195] 
outbreak on cultivated lettuce in California is 
physiologically different from the Salinas wild- 
lettuce strain: it is pathogenic to cultivated-lettuce 
varieties and more sensitive to high temperature 
Host range similarities on other hosts. and mixed 
infections of the 2 strains on wild lettuce in the 
field. suggest that the cultivated-lettuce mildew 
strain is a mutant of the endemic Salinas wild- 
lettuce strain 





Powdery mildew / spl horacearum Dt ex 
Mérat) (11) of cultivated lettuce (Lactuca sativa | 
was widespread in the Salinas Valley in 195] 13 
Perithecia were abundant the following vear ind 
Deslandes, Bardin nd S 6) suggested that 
the disease might become e prevalent Powdery 
mildew has occurred eacl ( the Salinas Valle 
since 1951, and in some es has caused serious 
damage. Symptoms and d zed bv the disease 
have been described rt 8. 9 
and are illustrated in | 

This investigation w Cor ted to determine } 
the distribution of the diss California, 2) the 
role of other hosts i | etuation nd the 
region and mode of or nm ¢ the pathogen 

OBSERVATIONS AND XPEI NTAI RES rs R 
ports of occurrence 
The first report of powde1 dew on lettuce in the 
United States. made by Co | counts tor the 
Michigan reference in We ost index 15 Coot 
report was based on ollect No. 319 bv Dr. W. J 
Beal. made in 1890 at tl Micl State College 
garden. However. a e { th collection was 
identified by the writer ‘ f f Pa 
not FE. cichoracearun I} lentification was verified 
bv Professor Ernst A. Be vho further stated that 
there were no speci / / 
sativa in the Michiga Stal | f herbar rn 

In 1937 Thompso | ted that powdery 
mildew of lettuce o« rred e parts of the t 
particularly the Imper \ f Califor 
that mildew was a eT ' produ 0 
lettuce under glass tert lL nited§ State 
However, through pers | ondence with Dr 
Thompson it has hed tt he 
disease referred to 1, 
stances, downy. rather lew 

Blumer (1) cited 

Accepted for \ 

Respectively. Plant P K ) 
sion, Agricultural Re s — DD 
Agriculture: Associate Prof Patl ae 
versity of California | t \iont 


County Department \ 


lettuce powdery mildew in Europe. in 1914 and 1931; 
but only the oidial stage was found. The identification 
of the fungus as EF. cichoracearum was therefore based 
on the asexual stage rather than the sexual stage, 
Correspondence with Dr. W. C. Moore (through Dr. 
L. E. Watts. in England) and Dr. H. Bremer. in 
Germany. established that the disease has not been 
observed recently in Europe. The European text by 
Butler and Jones (2) cites the report of Whitaker 
and Pryor (16) as the only reference to powdery 
mildew of lettuce. 

Mr. L. L. Stubbs. in personal correspondence. said 
the disease has not been observed in Australia 

Pryor (10) reported powdery mildew infection of 
i wild-commercial-lettuce hybrid. No. 41858. but said 
that other such hybrids and commercial lettuce varie- 
ties growing nearby were not infected. This indicates 
that the strain reported by Pryor is not the same as 
that reported in 1951 by Snyder. Bardin. and Grogan 
(13). which was highly pathogenic to nearly all com- 
mercial head-lettuce varieties and strains. It seemed 
probable. however. that the powdery mildew found 
on cultivated lettuce since 1951 might be very similar 
in pathogenicity to the Salinas wild-lettuce mildew, 
possibly a mutant of it. Tests were therefore cor 
ducted to determine whether hybrids of wild. lettuce 
ind commercial lettuce were susceptible to the Salinas 
wild-lettuce mildew. and whether the Salinas wild- 
lettuce mildew differed from the powdery mildew now 
occurring on cultivated lettuce in the Salinas Valley 

Viable seed of hvbrid 41858 was not available. 
Therefore. seeds of 16 hybrids related to hybrid No. 
11858 (the lettuce breeding line on which powdery 
mildew was reported in 1940) were obtained from 
Dr. T. W. Whitaker. In gross appearance. these 
hybrids were similar to the common. crisp head-tvpe 
lettuce Pedigree data showed that all the hvbrids 
were derived by crossing L. serriola from Europe with 
Imperial F and Imperial D. and later with Imperial 
152. Most were in the 18 20th generation since the 


; 
last cross 


\ mildew isolate from cultivated lettues i! the 
Salinas Vallev was maintained in stock culture on 


plants of Great Lakes lettuce grown in isolation in a 
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12°C refrigerator room. To ensure single- 


isolates ot the 
Valley established. 


purity, 


wild-lettuce mildew from the 


conidial 


Salinas were since 2. strains of 


mildew occasionally occur together on wild-lettuce 
leaves In the Salinas Valley. Single spores on water 
agar were transferred by glass needle to detached 
wild-lettuce leaves (12). One of the single-spore 


isolates. selected and tested 6 times for pathogenicity 
Lakes detached-leaf 


It is designated hereinafter as 


on Great lettuce in culture, 
proved non pathogenic. 
the Salinas wild-lettuce clone. 

leaves of 


either the 


detached 


ino ulated 


Tests were conducted in which 
10. ot the hvbrids 


cultivated-lettuce strain or the wild-lettuce clone. Con- 


were with 


trols of these tests were uninoculated leaves of the 
hvbrid lettuce strains that remained free of mildew. 
and wild lettuce inoculated with the wild-lettuce clone 
to determine whether this inoculum was viable and 


The 


with the clone of the 


pathogenic to wild lettuce. reactions of the 


hvbrids to inoculation Salinas 


wild-lettuce strain were as_ follows: 16208-M and 
$5938-M were very susceptible: 45236-M and 46185-M 
were moderately susceptible; 15875-M > was. slightly 
susceptible : and 45325-M. 46162-M. 45814-M. 46189- 
M. and 46236-M were immune. These differences are 


-imilar to those reported by Whitaker and Pryor (16). 
All of the hybrids were very sus eptible to the mildew 
from cultivated lettuce. and wild lettuce was suscep- 
tible to the Salinas wild-lettuce clone. 

It appears. therefore. that the first authentic report 
of powdery mildew on lettuce (10) dealt with infee- 
$1858 by the 
wild-lettuee strain. and that the mildew 
1951 is a distinctly different 


cultivated-lettuce 


tion of wild-commercial hvbrid Salinas 
on cultivated 
lettuce since strain. 


Distribution of mildew.— Disease 


distribution was determined by 2-veal 
in the Salinas Valley 
in the fall-planted northern California lettuce areas. 
In addition, the Santa Maria south of the 

Valley (Fig. 2). was and a 
search for the disease was conducted in the Imperial 


Valley. is 
fected 


survevs over a 


period—monthls and irregularly 


distri 4 


Salinas surveved once, 


Percentage of in- 
deter- 


mined by examining 20 randomly selected plants in a 


southern California. 


plants and severity of infection were 


locality, recording the number of infected plants. and 


counting mildew colonies per basal leaf. 
I p to February. 1953. lettuce powdery mildew had 
In the 


investigation. however. the disease was found 


been reported only in the Salinas Valley (5) 
present 
in the fall in lettuce-growing areas north of the Salinas 


Valley. 


cord, and 


near Pajaro. Gilroy. San Jose. Con- 
(Fig. 2). mildew 
also found south of the Salinas Valley. near Parkfield. 


and near Yuma, 


\romas. 


Brentwood Powdery was 
Arizona. east of El Centro. California. 
The lettuce-growing area of the Salinas Valley. indi- 


Blaneo 


severity 


cated on the map (Fig. 2). is mostly between 
and King City 


greatest in the 


Disease incidence and were 


Salinas Valley. except that none was 


The help of Dr. A. O. Paulus and of R 
B. Hall is gratefully acknowledged 


A. Kortsen and 
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a. 


. emer dak: - 
Ee, Mest . 
Q14 


we 
on 
= 


ed 


powdery mildew from the 


re. i. 
field, showing A) leaf scorching, and B) 
profuse sporulation of the organism 


Severe case of lettuce 


basal leaf with 


Blanco 


incidence 


found in the coastal between and 


Monterey Bay 


severity 


portion 


) 


(Fig. 2). Disease and 


decreased with distance north of the Salinas 


Valley: none was found at Davis or Sacramento, the 
northernmost areas in the survey. The disease has 
probably been present in Arizona since 1953* (see 
Discussion). 

Host range of the cultivated-lettuce strain Mature 
potted plants or mature leaves in detached-leaf culture 
were used in the host-range studies 

All plants and leaves from seed were grown in 
isolation in a mildew-free greenhouse. The plants 


were dusted with sulfur and frequently checked for 

Plants and detached 
first washed free of sulfur. At 
» detached 


tests were made in the 


contaminating mildews leaves 


to he moc ulated were 


least 3 potted plants and leaves of each 


test host were inoculated. The 


‘Personal correspondence with Drs R. E. Foster and 


R. G. Marlatt. University of Arizona 
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Fic. 2. Distributior tl ccurrence, and esti 
mated percentage ofl nftection t lettuce powdery mildew 
in California in 1954 and 19 Disease rating was dete 
mined by evaluating the 1 iber of colonies per basal leaf 


\rizona east ot El 


The disease also a il 
California. 


laboratory at about 22°C, except for a few tests in a 
greenhouse at 2]-25 ¢ Continuous illumination of 
about 300 ft-c at the leaf surface was provided lor 


About 


plants and leaves inoculated in the laboratory 


10 ce of a 3 per cent sucrose solution was used to 
float the detached leaves Inoculations were made 
back to cultivated lettuce in triplicate from the hosts 
on which mildew growth was protuse enough to pro 
vide conidia. 

Under laboratory conditions the host range of the 
fungus was found to be rather wide. Potted plants 
and detached leaves following species were 
susceptible: (Compositat Calendula officinalis L. vat 
Double Mixed. Dahlia rriab (Willd.) Desf. var 
Unwin’s Dwarf Hybrids. H: nthus angustifolius | 
H. annuus L., Lactuca s: 1, Senecto cruentus Dt 
var. Large Flowered Mixed. Silybum  marianum 
Gaertn... and Zinnia egans Jacq vars Floradale 
Scarlet and Giant Fantasy ind) (Ranunculaceae 
Delphinium hybridum Hort Giant Imperial Blue 
Shades. Disease development was best on D. varia 
bilis, H. annuus, L. s S ientus, and S. mart 
anum 

The following species bes e infected only in de 
tached-leaf culture Compositae Cichoritum intybus 
L. var. Madgeburg. and Cyna scolymus | var 
Green Globe: (Cucurbitacear Cucumis melo vat 
cantalupe nsis Naud. var. S. R. 91, and ¢ sativa | 
var. S. R. 6. In no was pecies susceptible as 
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potted plant but not susceptible in detached-leaf 
culture. 

The following species were not susceptible. either 
as potted plants or detached leaves: (Begoniaceae) 
Begonia tuberhybrida Voss.;  (Caryophyllaceae) Di. 
anthus barbatus L. var. Single Mixed, and D. chinen. 
Double Mixed; 


halimifolia L.. 


sis L. var (Compositae) Baccharis 
Callistephus chinensis Nees var. Crego, 
solstitalis L.. 


Grindelia squarrosa (Pursh) Dunal, Hypo. 


Centaurea cyanus L., C. Cichorium en- 
divia L.., 
choeris radicata L., Sonchus oleraceus L.. 
cum officinale Weber: 
Moench var. Large Smooth Leaf: 


Cucumis melo 1... 


and Taraxa- 
(Cruciferae) Brassica hirta 
(Cucurbitaceae) 
var. Halis Best. Cucurbita pepo L., 
var. Early Sugar, and C. pepo L. var. melopepo Alef.: 
Lathyrus odoratus L. 
.1 (Malvaceae) 


Indian Spring: 


( Leguminosae ) .:  (Linaceae) 


Linum usitatissimum | {/thaea rosea 
Cav. var. (Papaveraceae) Eschschol.- 
(Polemoniaceae) Phlox drum. 


Annual Scarlet: 


zia californica Cham. : 
mondit Hook. var. (Solanaceae) 
Vic otiana tabacum # 


White Rose. 
Deslandes reported that Centaurea solstitalis, Hypo. 


and Solanum tuberosum L. var. 


choeris radicata, and Taraxacum officinale are suscep- 
tible to the lettuce powdery mildew strain (5). How. 
ever. no mildew developed on these hosts in our tests, 
Species reported susceptible (5) but not tested in 
this study are Baccharis douglassii DC.. Grindelia 
camporum Greene, and Senecio vulgaris L. 

Pests to determine natural hosts of cultivated lettuce 
mildew were made as follows: Samples from various 
hosts were collected and each was placed in a plasti 
bag sealed against contamination with a rubber band. 
Conidia from each specimen were transferred on a 
sterilized dissecting needle to healthy detached lettuce 
leaves of the Great Lakes variety. 

The powdery mildew that is pathogenic to Great 
Lakes lettuce was collected only from L. 


only other natural host found in the field, 


ser riola. the 


Powdery mildews not pathogenic to Great Lakes 


ance | 
EE. cichoracearum from different host species in de- 


(Comparative host ranges of several collections of 


tached-leat culture and on potted plants 


Host and disease reaction" 


Milde Ww 
isolate Calendula Lactuca’ Lactuca’ Silybun Zinnia 
from officinalis sativa serriola marianum elegans 


Calendula 

L. sativa 

] serriota T T 
(Salinas) 

L. serriola . i i 7 
(Davis) 


Zinnia 


Disease reaction was determined after 14 days’ incuba- 
tion at 22°C in the laboratory, with a minimum of 3 trials. 
means the isolate was pathogenic; “ means it was 

not 
In some instances, collections of mildew from wild let- 


tuce (1 


fections by the lettuce and wild lettuce isolates 


serriola) have revealed the presence of mixed in- 


indicates no measurements made 
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TABLE 2 Comparative host range of Salinas wild ettuce 
and cultivated-lettuce powdery mildew isolates in de- 


fac he d-leat ¢ ulture 


Disease reaction to 


W ild-lettuc e | ettuce 

Host strain strain 
Calendula officinalis 0° l 
Cichorium intybus l | 
Cucumis sativa 4 
Dahlia variabilis 3 2 
Delphinium hybridum 2 9 
Helianthus angustifo wus 2 9 
Helianthus annuus 2 ; 
Lactuca sativa 0 4 
Lactuca serriola 3 
Senecio cruentus 3 3 
Silybum marianum 3 } 
Zinnia elegans 3 9 


Infection scale after 7 davs’ incubation at 22°C: 0. no 
visible signs; 1, infection but no sporulation; 2, infection 
with slight sporulation; 3, infection with profuse sporula- 


tion 


lettuce were collected from the following hosts: 
Begoniaceae) Begonia tuberhybrida; (Compositae) 
Calendula officinalis, Chrysanthemum sp. L.. Coreop- 
sis sp. L.. Dahlia variabilis, Iva sp. L.. Lactuca serri- 
ola, Matricaria sp. L., Senecio cruentus, Taraxacum 
officinale, Tragopogon porrifolius L., and Zinnia ele- 
gans: (Hippocastanaceae) Aesculus californica Nutt.: 
(Hydrophyllaceae) Phacelia sp. Juss.;  (Legumino- 
sae} Lathyrus odoratus; (Papaveraceae) Eschschol- 
zia californica and Papaver sp. L.: (Platanaceae) 
Platanus sp. | (Ranunculaceae) Delphinium §hy- 
bridum; (Rosaceae) Rosa sp. L.: (Solanaceae) 
Solanum sp. I (Verbanaceae) Verbena sp. L.; 
and (Violaceae) Viola tricolor L. var. hortensis DC. 
Over a period of several years. no powdery mildew 
was found on SJybum marianum in the field. S. mart- 
anum was susceptible only under conditions of modi- 
fied environment, i.e. in the greenhouse or laboratory. 
This is in disagreement with Deslandes (5). who 


stated that he found abundant inoculum that infected 


Tape Veasurements ot reproductive structures and their parts of the lettuce strain oft } 
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Fic. 3. Percentage of germination of the Salinas wild 
lettuce and lettuce powdery mildew strains on glass slides 
at various temperatures. Each point represents at least 
600 spores 


lettuce on S. marianum in the field. 

Pathogenicity tests by Deslandes (5) on lettuce 
with isolates of Erysiphe cichoracearum from othet 
hosts were verified except that isolates of the wild- 
lettuce strain collected near Davis were not patho- 
genic to cultivated lettuce. Differences in host ranges 
of mildew collections from other hosts are shown in 
Table 1. Clear-cut differences were found among all 
isolates except the Salinas wild-lettuce mildew and 
the Zinnia mildew. However, the 2. strains were 
determined to differ physiologically by their reactions 
on certain wild-commercial-lettuce hybrids. No mil- 
dew developed on hybrids inoculated with the Zinnia 
isolate, whereas mildew was profuse when the Salinas 
wild-lettuce isolate was inoculated to the same hybrids. 

Comparison of the cultivated-lettuce strain and the 


Salinas wild-lettuce clone.—1\ Comparative host 
ranges. Twelve species known to be suse eptible to 


the lettuce strain of powdery mildew were inoculated 
with the 2 isolates used in inoculation tests of wild- 


cheracearum with compara 


e conidial measurements of 2 isolates of the wild-lettuce strain 


Reproductive Mean (x) Range (u) 
structures 
nd parts length width length 
Conimi 
Salinas 
“ ld lettu ‘ 
strain 32 7 0 21.8. 38.3 
Davis, wild 
lettuce strain 32 5 15.9 22.9 42.0 
Lettuce strain 57.0 18.1 28.1-58.5 
Ascospores 21.6 16.4 13.5-31.5 
(Asei 54.6 8.0 90 76.0 
Stalks of asci 96 $0 19.5 
Perithecia 99] 99] 
Perithecial cells 18.0 12.3 9.0 40.7 
Significantly different at 1% level 
Number of iscospores per ascus averaged 2, in range o 


indicates no measurements made 


Standard deviation («) 


Number 


width length width measured 
99 198 +18 +18 150 
12.6 18.2 WO 
11.5- 27.2 +4.3 +2.6 150 
12.0— 20.7 38 
21.0- 60.0 81 
. 69 
89.1-148.5 100 
72 16 9 18 
, (Fig. 4) 
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commercial-lettuce hybrids 


The host ranges of the olates were. striking], 
similar, but they differed in pathogenicity on lettuce 
and in the severity of disease development on some 
other hosts (Table 2 The ire of the wild-lettuce 
clone to infect Calene t officu s mav not be sig 
nificant, for infection of this t by the lettuce isolate 


also frequently failed 


2) Comparison pf eh temperatu ¢ tor 
conidial germinattor if thre les | resh conidia 
of the 2 isolates ietually me of the wild-lettuce 
strain and several clones of the lettuce strain dusted 
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Fic. 1. sexual lage i tt tuce powdery mildew 
strain. A) Longitudinal sect through a perithecium 
showing arrangement I te presence I unl 
nucleate ascospores pe! Broken peritheciun 
and asci with 2 ascospore the usual number 


The appendages on the perit l ire myceloid 
PI 


with a camel’s-hair brush onto glass microscope slides 
mounted above 10 ce of distilled water in Petri dishes, 
were incubated in a series of temperature chambers 


regulated to vary no more than +0.5 °C. 


lo facilitate comparison, germination percentages 

at the temperatures studied were plotted (Fig. 3) as 
per cent of the controls incubated at 18°C. Although 
the increase in germination with increase in tempera- 
ture was about the same for both strains. the lettuce 
strain had a definite optimum at 18 C, whereas the 
wild-lettuce strain germinated equally well over a 
temperature range of 18-27°C. Germination of conid- 
ia of the lettuce strain decreased sharply above 18 
and no germination occurred at 34°C. On the other 
hand, conidial germination of the wild-lettuce clone 
at 32 C was more than 70 per cent of that of the 
control, These data indicate that the lettuce isolate 
is more sensitive to high temperature than is the wild- 
lettuce isolate. 
,) Comparative morphological studies.—Some fea- 
tures of the sexual stage of the lettuce isolate are 
shown in Fig. 4 as evidence that the cultivated-lettuce 
mildew fungus is Ek. cichoracearum. Measurements of 
the reproductive structures of the lettuce strain are 
given in Table 3 

Conidia of the wild-lettuce isolates obtained from 
the Salinas and Davis areas were not significantly dif- 
ferent in size. Conidia of the cultivated lettuce isolate, 
however. were significantly larger than conidia of the 
Davis or Salinas collections of wild-lettuce mildew 
(Table 3). Whitaker and Pryor (16) reported a 
strain of wild-lettuce powdery mildew that had conidia 
considerably larger than those of either the Salinas 
or Davis wild-lettuce strains. and also larger than 
those of the cultivated-lettuce strain. There is evi- 
dently considerable variation in the size of conidia of 
strains that attack lettuce and wild lettuce. making 
conidial size a poor criterion for strain differentiation. 

DISCUSSION AND CONCLUSIONS.—The distribution of 
powdery mildew of lettuce in California partly de- 
pends on the availability of susceptible hosts. How- 
ever, spread of the disease to areas north of the 
Salinas Valley and its absence from the Blanco dis- 
trict of the Valley are prebably largely due to the 
influence of environment. Several such environmental 
factors will be discussed in another paper. The tso- 
lated occurrence of lettuce powdery mildew near 
Yuma suggests that the disease was introduced there 
from the Salinas Valley; it is not known in the nearby 
Imperial Valley. 

Powdery mildew of commercial lettuce appears to 
have originated independently in 2 widely separated 
parts of the world, Europe and the United tates. 
It cannot be definitely stated that the European case 
was incited by the species that occurs in the United 
States, for no description of the sexual stage was 
viven. A lack of valid reports of this disease else- 
where in the United States strongly indicates that the 
disease is presently restricted to California and Ar: 


Zona. 
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It can be reasonably assumed that a disease will 
often occur each year in the area of geographic origin 
before it occurs in the rest of the region, that it will 
be most severe there, and that its life evcle will be 
consistently completed year after year. All of these 
events consistently occur in the Spreckels area of the 
Salinas Valley. If it is assumed that the lettuce strain 
is a mutant of the wild-lettuce strain, it is difficult to 
understand why the disease did not occur before 1951. 
since wild lettuce and its mildew are widely distrib- 
uted in the United States (7. 15). 


some recent agricultural practice in the Salinas Valley 


It would seem that 


brought about the mutation, or that the mutation was 
spontaneous. and extremely rare. The 1940 occurrence 
of powdery mildew on hybrid 41858 may be of some 
significance in the evolution of the lettuce-mildew 
strain. It ean be argued. however, that such a muta- 
tion could have occurred on wild lettuce or that the 
strain now attacking lettuce did not arise from the 
wild-lettuce strain. but from a strain of the fungus 
eceurring naturally on some other host. It may be 
significant. or only a coincidence. that hybrid 41858 
was planted in a variety trial not more than 1 mile 
from Spreckels, California. 

The data concerning the similarities in host ranges. 
together with the temperature sensitivity (3) of the 
lettuce strain. appear to favor the hypothesis that the 
lettuce strain is a mutant of the Salinas wild-lettuce 
strain. This hypothesis can be proved only by experi- 
mental production of such a mutant. The mutation 
probably involved a gain in ability to utilize an alter- 
native host constituent. or a gain in ability to offset 
an inhibitory reaction exhibited by L. sativa. 
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INFLUENCE OF MOISTURE CONTENT, TEMPERATURE, AND TIME ON THE 
DETERIORATION OF STORED CORN BY FUNGI 
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MATERIALS AND 
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storage tung 
mple of corn stored 6-9 
bin degree of invasion 
aecrease¢ In germina- 
i percentage of dis 
rm High-quality 


vellow 


ith mixtures and individual 


oragce fungi isolated Irom 


moisture 


thle to invade, kill 


and discolor germs of corn stored above 10°C and 
14° moisture content. Low temperature was as 
effective as low moisture content in~ preventing 
damage by the fungi tested. Germination per 
centage of control seeds kept free of fungi 
months at 25°C and 18°) moisture content de 
creased only slightly, and no brown germs devel. 
oped; apparently, processes inherent in the seeds 


themselves were not involved in germ damage 
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ture contents are given on a wet-weight basis 

Germination percentage was determined by placing 
100 seeds on motst paper towels. whit h were wi ipped 
in waxed paper and incubated 9 days at room tem- 
perature. with counts made at intervals during this 
time. Seeds with well developed roots and coleoptiles 
were considered germinated. 

For laboratory storage tests. LOOO-g portions ot seed 
were shaken 1 1.5 minutes in 1°, sodium hypochlorite 
solution. rinsed twice in sterile distilled water. and 
dried aseptically in sterile paper bags in a forced-air 
oven at 30 C. After moisture content was determined, 
sterile water was added to the desired moisture con- 
tent The seeds at each moisture content were stored 
5 days in sterile jars in a refrigerator and shaken 
oceasionally to obtain uniform = distribution of the 


moisture Portions ot 250 LOOO each were then 


placed in autoclaved pint or «quart Mason jars 
equipped with screw caps and rubber rings. and 
stored in the appropriate incubators. A recording 


thermograph left 1 week in each incubator indicated 
that temperature fluctuated at times as much as +2 C, 
but usually net more than +1 ¢ Moisture contents, 
determined when the tests began and whenever por- 
tions were removed for 


than HO5 


sampling. \ iried ne more 
Inoculum was furnished by pure cul- 
tures of the various storage fungi grown on iutoclaved 
wheat: the cultures used had been isolated from com- 
mercial samples of corn. 

determined — by 


shaking 50 100 seeds of each lot 1-1.5 minutes in 1] 


Fungi present in the seeds were 


sodium hypochlorite plus 10 ppm of Tween-20. rinsing 


) 


in 2 changes of sterile distilled water. and culturing 
on agar. Malt agar was used chiefly, but not exclu- 
sively Other workers have found that this medium, 
colonies of a 


compared with others. vielded more 


greater number of fungi likely to be of significance 
in the deterioration of stored grains (2. 10) Tests 
preliminary to the present work were made with seeds 
from 5 different samples of corn and with 10 different 


apat media The 5 cor samples showed varie | de- 
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TABLE ] Germination, germ discoloration, and fungus invasion of sampies Of corn from comn ercial storage 
No. of % germination germs discolored seeds yielding fungus" 
samples Range Ay Ochre Brown Aspergillus Aspergillus Penicillium 
flavus glaucus species 

oe 0-30 l7 18 28 27 25 8 

1 51-00 19 12 8 2 My 93 

99 61-95 80 fh 4 2 97 7) 

Seeds shaken 1 minute in 1% sedium hypochlorite, rins+d twice in sterile water, and cultured on malt-salt agar 
crees of invasion by common. storage fungi. The Minneapolis. Minnesota, and vicinity, 26 from Port 
media were malt agar containing 0. 50, 75, and 150 gland, Oregon. 16 from Omaha. Nebraska, 10 from 
ef sodium chloride per liter; acid PDA containing St. Louis. Missouri, 6 from Chicago. Ilinois, 6 from 
0 50. and 75 ge of sodium chloride per liter; and Granite City, Illinois, 40 from Marietta. Pennsylvania, 
Cz ipek Dox agar « ontaining. respec tively (0 g and 8 from Buffalo. New York. and 4 from W inston, 


200 g of sucrose pel liter, and 200 g of sucrose and 


50 2 of sodium chloride per liter. One hundred seeds 
the 10 


greater 


5 lots were cultured on each of 
More isolates of a 
fungi were vielded by the malt-salt 


liter 


of each of the 
media. totaling 5000 seeds 
number of storage 


containing 75 g of sodium chloride pet and 


agai , 
by the Czapek-Dox agar containing 200 g of sucrose 
ner liter. than bv anv of the other 8 media. The 


Czapek-Dox agar vielded a somewhat greater number 
of colonies of Aspergillus flavus Link than did the 
malt-salt agar. but the malt-salt agar vielded almost 
twice as monv colonies of A repens (4 da D) By and 
other members of the 4. glaucus Link group as did 
the Czapek-Dox agar. and nearly 10 times as many 
colonies of the A. glaucus group as did the acid PDA 
or the malt agar without salt. Since it seemed that 


the members of the {. glaucus group might he of 


considerable importance in the corn samples being 
investigated. it was reasonable to use a medium that 
would more re idily reveal the presence ot these fungi 


Mold 


determined by 


count was comminuting 10 i 
if seed usually tf) 50 seeds ) in S00 ml ot sterile 
0.2 igar solution in water: 5 ml of this were placed 


ind sh iken 


made in the same 


n 45 ml of the same medium 


Further 


suspension 


100. times dilutions were 
these sus 


dishes. Agar 


-W it led. 


manner, and |-ml aliquots of 1 or more of 
put in each of Petri 
added: the dishes 


material uniformly 


pensions 


were 


ooled to 50°C was were 


distribute the and incubated 


> 7 davs: and the colonies were counted and identi 
fied 

Germ color of the seeds was determined by section 
ng 100 seeds lengthwise through the middle of the 
germ and examining them with the unaided eve and 
through a stereoscopie microscope. using magnifica 
tions of 10 and 20 Germ color was rated as 
white (or pale yellow), ochre. brown, and blue. Grad 
ing regulations state that germs must be obviously 
discolored before being rated damaged: the ochre 
colored germs probably would he rated sound. by 
ommercia nspectors 

RESULTS Vumbers and kinds of fungi in commer 
al samples of corn.—QOne hundred and _ fiftv-nine 
samples of corn that had been stored 6 9 months in 
mmercial bins were tested. About half came from 


North Carolina. Most were taken by probe L 30 feet 
beneath the surtace ol the bulk. and comprised ‘ ither 


about a pint or a quart of grain. Soon after received, 


they were te sted tor 


germination, germ discoloration, 


{ lable 1) 
the 
highest 


and storage fungi 


The 
germination 
vaded by 


and 


with lowest 
the 


fungi 


samples 
had 


storage 


percentage of seed 


percentage ot seeds in- 
{spergillus flavus 


likely that 


seeds by 


especially 


Penicillium species. It seemed inva 


sion of the germs of stored species ol 


Aspergillus and Penicillium might be contributing 
largely to the development of discolored germs 
Inoculation of sound with 
Yellow dent corn almost free of storage (de- 
scribed in “Materials and Methods”) was adjusted to 
contents of 12. 14, 16. and 18° 
ae 


250 g each were placed in pint Mason jars and inocu- 


corn storage fungi 


fungi 
moisture Portions of 
lated with a mixture of spores of 
(Mano.) T. & ¢ f 
Brem ae: 
Wilh. 


incubators at 5. 10. 15. 20 


{spergillus amstelo- 
1. ruber (Spree k & 


flavus, f 


dami repens, 


candidus { or hrae eus 
Penicillium sp. The jars 
and 25°C, 


testing. 


and were stored in 


and samples 


were periodic ally removed for 


No significant number of seeds stored at 12° 


moisture content time 


of seeds stored at 


vielded storage fungi at any 


during 8 months. The percentage 


14 moisture that 


content were invaded by storage 
fungi (almost only {spergillus repens) during 8 
months increased fairly rapidly with increasing tem 


perature. but germination percentage did not decrease 


ippreciably. and no germs became discolored 

At 16°) moisture content. Increases in percentage 
of seeds invaded bv fungi nd percentage of dis 
colored germs and decreases in germination percent- 
ge were slow at 5. 10. and 15 C. but rapid at 20 and 


At 18 
rapid at all 


moisture content. invasion of the seed was 


temperatures except 5 °C. and there was 


a corresponding increase in percentage ol discolored 


germs and decrease in germination percentage ot the 
seeds (Fig. 2). 

Uninoculated controls at 12. 14 nd 16 moisture 
content retained a germination of 96°) or more for 8 
months. even at 25°C. and no germs became dis- 
colored. At 18°) moisture content and 25°C, 92% 





























546 
of the uninoculated contr till germinated after 6 
months, although 16 of the seeds were invaded by 
Aspergillus (12° by A. repens and 4 by A. flavus 
At the lower temperatures, the seed stored at 18 
moisture content retained a germination of 96> 100 
for 8 months. At moisture ontents up to 18 and 
temperatures up to A processes inherent in the 
seeds themselves apparently lo not lead to appre 
ciable deterioration Also temperature of 5 C was 
just as effective as low motsture ontent in preserving 
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Chis 


is of some importance, since methods of cooling large 


high quality in stored corn as evaluated here. 


bulks of grain are now available and in commercial 
use (4), 

(s stated above, seeds stored at a moisture content 
of 14°) were invaded only by members of the Asper- 
gillus glaucus group, chiefly by 4. Stored at 
and 25°C, 34° of the 

) 


atter 3 


repens. 


16°, moisture content seeds 


vielded | 


months, 


months, 42° 


candidus after 2 


and 60° after 4 months. invasion by 
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STORAGE TIME - MONTHS 
Fic. 2. Percentage of seeds invaded, germs discolored, 
and germination of yellow dent corn inoculated with a 


mixture of fungi and stored 8 months at 5-25°C and 18% 


moisture content, 
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TABLet 2 Germination, Zé te ee, fungus invasion these fungi invaded seeds stored at 5 or 10°C. Mem- i 
n erithec forme n the intertor of corn inoci * 
and uthecia formed t . ee — bers of the A. glaucus group invaded 88° of seeds 
atet vith 4 species of {spe rgillus and stored at o : : . 
, , 9 S . < Q« — ‘ 
1951, moisture content end 38°C fer I, 2, ead 3 tored 8 months at 10°C and 18° moisture; 28° of q 
ees the seeds were dead and 18°) had ochre germs. but ‘ 
none had brown germs. e 
germi- “> germs seeds . . . 
germ \ given degree of invasion of stored corn by differ- ‘ 
Inoculu uation discolored with : 
: ent storage fungi apparently can cause widely differ- 
OK hre Brown co seeds per- ‘d 
lat  dhaele ent amounts of germ damage. A. flavus and A. can- 
didus appear to be much more injurious than A. 
At 1 mont! on : = repens or other members of the A. glaucus group. 
f amstel oe ’ Zz o o 2 . ‘ : 
{. reper 9? 9 0 29 0 All of these fungi invaded the germ preferentially, Rs 
epens 2 2 8 “ 
ruber 70 8 8 92 ¥ and often exclusively. A typical ease is shown in 
-o ») 
{. umbros io 12 0 W U Fig. 3. lei J 
; — all . sat 
Unines ula ¢ oR 0 0 , 0 lo determine whether members of the A. glaucus 
control oO ~ ° ‘2 . ; 
“s group might, under conditions very favorable to theit ! 
tz month- " 
power 68 12 0 9? 12 growth, cause germ damage in corn. vellow dent corn $ 
{ repens 78 } 0 100 12 almost free of fungi was conditioned to a moisture 1° 
») ) 92a ») - ° 
{. ruber 62 12 26 100 ye content of 18.5% and different lots were inoculated : 
{. umbros 66 16 4 92 i) . 
with pure cultures of 4 members of the 4. glaucus - 
Uninoculate , : ; 
pomemreer 06 2 0 6 0 group most commonly isolated from commercially 4 
i ail stored corn: A. amstelodami, A. repens, A. ruber, , 
> a! » 
amstelodami 5 3 ; 32 an . umbrosus Bain & Sar 1e samples were : 
1 j 18 18 100 ) 1A l B & Sart. Tl pl 
{. repens A 0) 10 pod + stored at 20°C and tested after 1, 2. and 3 months ; 
vber 54 14 26 100 14 ions : : 
1. rube : 3 oe (Table 2). A. ruber caused somewhat more reduction ' 
{. umbres Le tf) 26 LOO ta) 7 : : i 4 
"Ta sca Ta in germination percentage, and more discolored germs, 4 
control 96 t 0 4 l than did the other members tested. Uninoculated con- 
Seeds shaken 1 minute in 1% sodium hypochlorite, trols remained almost free of fungi; 4°7 of the germs . 
rinsed twice in sterile water, and cultured on malt-salt agar. became ochre and none became brown: germination 
Ir aded [i { repens ; <a; ie 
_ F after 3 months was 96°,. Under conditions approach- Fr 


{. candidus was accompanied by a drastic decrease 
in germination percentage and a large increase in 
percentage of discolored germs. 

Seeds stored at 18°) moisture content were invaded 
chiefly by 4. repens, A. candidus, and A. flavus. De- 
creasing germination percentage and increasing germ- 
damage percentage were associated mainly with 
invasion by 4. candidus and A. flavus. Neither of 





*s 
Tape Germination, germ discoloration. and tungus in 4 
ot vellow dent corn inoculated with Asper Na 
rl d andidus and stored at 18% moisture content 4: 
ne » and 25 € tor 1, 3, and 6 months | 
’ 
Months Tempera- % germi- % germs discolored % seeds 
stored ture ¢ nation Ochre Brown — invaded* x 
> 100 0 0 0 4 
5 96 } 0 42 
25 76 12 16 100 j 
- 98 0 ) 0 
72 20 8 100 ° 
2 2 24 52 100 
YS 0 0 0 * 
. 93 16 26 100 
15 a 0 0 100 100 hg 
{ ilated controls 
f > 98 0 0 0 me 
f 97 1) 0 h \ 
} 2 94 2 0 8 te +s 
™| 
Seeds shaken 1 minute in 1 per cent sodium hypo 
chlorite, rinsed twice in sterile water, and cultured on malt Fic. 3. Perithecia (arrows) of Aspergillus ruber formed 
salt agar in cavities in the germ and endosperm of corn seed stored 
{sperg repens 2 months at 20°C and 18% moisture content 
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, 


ing optimum for th row these members of the Panie 4.—Germination, germ discoloration, and mold count 
gh OS ee ee eet, of 4 samples of corn before and after storage for 30 
days in the laboratory at 18% moisture content and 
damage 25° ( 
{. candidus was wulated onto essen 
tially mold-free yellow dent it 18 moisture Mold 
content. and 250-2 port were atored at &. 1%. and yermi- “ germs discolored Count 
SEO? aied tected after sities Table 3 nation Ochre Brown (thousands) 
At 6 months, A j i t invaded any of Before storage 
the seed stored at ( \t onth it had invaded Commercial bin #1 aU 16 ‘5 
de Cond 100, of thee Commercial bin #2 62 i 2 NS 
a (Commercial bin #3 ea 22 ) 81 
at 29°C. At 3 months it vaded all the seeds — High-grade seed 98 0 0 " 
stored at 15 ¢ \ deere f nation percentage 
After storage 
and increase in’ perce liscolored germs a Commercial bin #1 2 8 13 1830 
companied or close] f ve n ot the germs Commercial bin #2 0 12 12 1180 
by this fungus. A few of ¢ inoculated contro] ‘ommereial bin Fo v 3 23 10,600 
seeds were invaded but germination ‘#"-8tade seed "7 : san 
percentage decrease hel ; of 
the germs became ocl e hecai brow of wheat or barley before harvest to any great extent 
if conditions are ai nnihie Satta senwih. A (10. 11). Our evidence with corn on this point is not 
candidus evident] mn rand vade. kill. and dis extensive enough to warrant tabular presentation. but 
color the germs of ev h-crade corn as was has been consistent. Seeds of 20 different collections 
used here. It ic | oe og milar damage in Of corn standing in the field in Minnesota during the 
stored wheat (6 moist post-harvest season in L957 were cultured, after 
Men. in the grain. trad ed that diferent being shaken 1 minute in 1 sodium hypochlorite, 
lots of No y well, lif oreatly i tor ‘ ind very few of them yielded storage fungi although 
behaviot Ender , deterioration many colonies of Aspergillus and Penicillium grew 
sauna lots develo ih more renid from the surface of seeds that were cultured without 
then do others. } , f corn lots fron this prior treatment. The same has been true of many 
commercial storac wine af Mo, 9 1 ie samples of presumably freshly harvested seed ob- 
cam tied « conch 1 , of ochre germs tained from commercial handlers. Evidently. corn at 
than did others eas er 2 sua were harvest is relatively free of des p infection by common 
heavily invaded by I rage fungi. It emed storage Tung. 
that this might offe lifferent storage he Moderate to rather heavy infection was common 
havior of different rf a t entiall the same in samples that had been 6-9 months in commercial 
conditions. To test this. 3 lot f No. 2 yellow corn — storage. indicating that moisture and temperature 
were selected. The liff ttle in percentage conducive to such invasion must have prevailed at 
ot damaged (brow é liffered considerably some time during their storage life. Invasion of the 
in percentage of ochre well as in percentage seeds from commercial bins by Aspergillus ind Peni- 
of germination and All were of the cillium, particularly by 4A. flavus. was roughly pro 
1956 crop, stored eal tlerent mmere | bins portionate to decrease In gvermination percentage of 
in the Midwest | oO! : LIT pp te if the the seed and to increase In percentage ol discolored 
almost-mold-free ! the laborator tests germs 
was included: this ear old. The 4 sar All of the fungi tested were able to invade. kill. 
ples were conditions ture content of 18 and discolor the germs of corn seed stored 8 months 
stored 30 days at 25°¢ i tl tested for germi at moisture contents above 14 and temperatures 
tion. germ color dr t Table 4 thove 10 ¢ At a given degree of invasion ! n 
Che lot of commerci that originally had the didus and / flavus were more injurious than the ! 
lowest germination percentage. the largest number of glaucus group. In that group. 4. ruber caused more 
ochre germs, and the largest mold count, deteriorated decrease in germination percentage and a greater 
much more, as measured by these criterias than did increase in percentage of discolored germs than did 
the other 2 lots of commer i corn ind these others {. amstelodamit, A. repens. or ! imbrosus. though 
deteriorated mucl more than did the originally the differences were not great. Different isolates of 
almost-mold-free lot of high-grade corn. which. stored !. candidus differed widely in the amount of sick or 
1 month under these severe storage conditions. re germ-damaged wheat thev caused under uniform stor- 
tained a germination of over 90 Many factors may ige conditions (6). and it is quite possible that. if 
influence the rate at whic] I deteriorates nder a enough isolates were tested of the different subspecies 
given set of conditior i rage, but an important of the A. glaucus group. similar differences might be 
factor is certainly the de to which the germs have found within each of them. The lower limit of mois- 
already been invaded | rious fungi ture content that permitted invasion was 12-14 for 


Discussion.—Storage fu tt invade tl eeds the A. glaucus group. 14 16 for 4. candidus, and 
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16-18% for A. flavus. Thus. if a considerable per- 
centage Of seeds In a given lot of corn from commer- 
cial storage yield A Havus after surface disinfection, 
it is reasonable to suppose that the seed has been 
stored at a moisture content approaching 18°7; and 
if many ol! the seeds vield {. candidus it may reason- 
ably he supposed that the seeds have been stored fo 
a time at a moisture content close to 16 . That is. 
the mold flora in a given lot of seed furnish at least 
a partial record of past storage conditions, as well as 
an indication of future storage risk. It seems prob- 
able that some ot the methods developed to evaluate 
the moldiness of stored corn might be used to aug- 
ment present inspection procedures in judging the 
quality and storabilitvy of corn. 

In all of the tests here reported, invasion of the 
corn germs by fungi preceded death of the germs. and 
death of the germs preceded development of dark 
color in the germ. This is the same course of events 
found in the development of sick or germ-damaged 
wheat in commercial storage and in the laboratory 

3 6. 7). There seems little doubt that. in practice. 
fungi are a major cause or contributing factor in the 
development of germ damage in commercial corn. 


Numerous 


almost free of storage fungi for as long as 8 months. 


control samples were maintained free or 


ind even when these had 18°7 moisture content and 


were stored at 25°C there was little decrease in ger- 


ination percentage of the seed, and no brown germs 


loped This indicates that. under the conditions 


leve 

if the test. processes inherent in the seeds themselves 
were not significantly involved in the production of 
germ damage 
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THE EFFECT OF PRE-INOCULATION TEMPERATURE ON TEST PLANT SUSCEPTIBILITY TO 
ALFALFA AND TOBACCO MOSAIC VIRUSES? 


J. D. 


Panzer 


SLMMARY 


Phaseolus vulgaris plants proved more resistant 
to alfalfa mosaik virus when conditioned for 2 
hours immediately before inoculation at low. or 
high temperatures than at moderate temperatures 
They were also more resistant to tobacco mosai 


virus when conditioned at low than at moderate or 
high temperatures. Vicotiana tabacum and N. glu 


tinosa were susceptible tobacco mosaic virus at 


all of these temperatures held for 2 or 6 hours, 
Plant resistance imposed by the temperatures was 
of short duration. Such temperatures are held to 
affect the condition of the plant and not the virus, 
Thermal inactivation of alfalfa mosaic virus in 


solution required 5 days at 5°C and 15 minutes at 


ae i 





lemperatures have been demonstrated to influence 
virus disease expression in plants. Low or high tem- 
peratures following inoculation have increased disease 
development (2. 3. 7. 10). decreased disease develop 
ment (3. 7. 10). modified symptoms (4 8, 10). o1 
eliminated the virus (6 High temperatures before 
inoculation have increased 9) or decreased (1) 


disea-e development Low temperatures before inocu 


lation appear not to have been investigated 


Since plants undergo large changes in leaf tempera 
ture during the course of a day it is possible that 
plants would be differentially susceptible to inocula- 
tion-infection directly. as related to high and low leaf 
temperatures before inoculation. To provide a partial 
answer to this possibility greenhouse experiments 
with alfalfa and tobacco mosaic viruses were con 
ducted with bean and tobacco assay plants. All but 
] assay plant produced local lesions All were condi 


tioned 2 hours at different temperatures before being 


inoculated 


MATERIALS AND METHODS.—The test plants were 4 
Phaseolus vulgaris varieties—Pinto. Bountiful. Yellow 
Eve. and Red Kidne \ ind plants ot Vicotiana £luti 
nosa and \. tabacun AM\ ilfalfa mosaic virus) 
was obtained from infected alfalfa plants collected 
in South Dakota: TMV (tobacco mosaic virus) was 
furnished by Dr. L. J. Alexander. of the Ohio Experi 
ment Station. The AMV consisted of 2 strains: one 
produced large lo« il lesions on bear plants the other 


produced small lesions 
Bean plants (12-14 davs old) and tobac 


(7 10 weeks old) vrToOWwIns 


oO plants 


steamed soil at 20°C 
under greenhouse conditions were left 2 hours in the 
dark in controlled-temperat ibinets at tempera 
tures ranging from 5 to 50°C at 5° inerements. Im 
mediately after. 2 primary leaves of beans or 3 of the 
lower leaves ot \ giutinosad were dusted with ®ROOO 
grit Carborundum and swabbed with a virus inoculum 


consisting of juice expressed from diseased alfalfa or 


tobacco plants and mixed wit! i (10 solution of 
Accepted for publication May 27. 1958 
Approved for publicat tl Director the South 
Daketa Agricultural Exper t Station as Journal Series 


No. 399 


K.HPO,. The plants were then returned to the green- 
house, and infection was allowed to develop. The 
numbers of lesions per leaf were recorded. In all 
cases the data were subjected to a variance analysis, 

Resutts.—Some plants were injured at 50°C, but 
none appeared injured at the other temperatures. 

Beans as assay plants——Four experiments, each 
replicated at least 3 times (24 leaves per treatment), 
were conducted with AMV strain 1. AMV strain 2, 
and TMV. 

1) AMV strain 1. 
per leaf in 4 experiments on each of 3 bean varieties, 
Yellow Eve, Bountiful. and Red Kidney. are presented 
in Fig. 1A. 


Lesion numbers increased with temperature up to 


The average numbers of lesions 


about 20°C, and then decreased. The behavior shown 
in Fig. 1A was evident in each of the 4 experiments. 
The greatest number of lesions developed at 15 30°C. 
Numbers decreased markedly below 15°C. 

2) AMV strain 2. 
per leaf in 4 experiments with Yellow Eve bean 
inoculated with AMV strain 2 are presented in Fig. 
IB 


Similarly as with strain 1. lesion numbers increased 


The average numbers of lesions 


with temperature up to 35°C, and then decreased. 
The greatest number of lesions developed at 15 40°C. 
Numbers decreased markedly below 15°C 

3) TMV 


in 4 experiments with Pinto bean plants inoculated 


The average number of lesions per leaf 


with TMY are presented in Fig. IC. 

As with bean plants inoculated with AMY. lesion 
numbers generally increased with temperature up to 
25°C. beyond which the reactions varied. 

Vicotiana species as assay plants.—Paralleling the 
above experiments on beans were experiments with 
PMV on 2 tobacco spec ies, 

1) N. glutinosa—The average numbers of lesions 
developing per leaf from TMV in 4 experiments. each 
replicated 3 times (12 leaves per treatment). are 
presented in Fig. 1C. Temperature did not signifi- 
cantly affect the number of lesions. 

2) VV. tabacum.—Plants of this species were tested 


for successful or unsuccessful inoculation ir 


2 experl- 


ments of 2 replications each. similarly to the above. 


350 


TO 


October, 1958 | 


{I | plants were infected by inoculation. regardless of 
temperature treatments, and all results were similar 

Because a 2-hour treatment did not result in re 
sistance, and because Allington, Weihing, and Laird 
(1) tound thal excised leaves of \. tabacum became 
resistant to infection by TMV only after a 10-minute 
pre-ino ulation exposure to 45°C followed by a 6-hour 
incubation period at the same temperature, the treat- 
ment period was increased to 6 hours. 


Five \ tabacum plants were exposed to 45°¢ far 
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Fic. J Mean number of lesions per leaf of test plants 
receiving different temperature treatments before inocula 
tion with A) alfalfa mosaic virus strain 1; B) alfalfa 


mosaic virus strain 2: or €) tobacco mosaic virus 
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20°C 


for the same period. After the heat treatment the 


6 hours Another set of plants was exposed to 
plants were immediately inoculated with TMV and 
returned to the greenhouse, where infection was al- 
lowed to develop. All the plants became infected. 
lhus, entire plants exposed only to high pre-inocula- 
tion temperatures did not react as did the excised 
leaves of Allington, Weihing. and Laird (1). which 
had received both pre and post-inoc ulation heat treat- 
ments. 

Duration of the pre inoculation femperature ffect. 

The duration of the effect of pre-inoculation tem- 
perature treatments Was determined by subjecting 
van plants to pre-inoculation temperatures of 10 
and 20°C, and inoculating immediately, 15 minutes, 
10 minutes. or 1. 2, 3. 4.5. or 6 hours after treatment. 
The usual reduction in the number of lesions (3-fold) 
found at the 10°C treatment occurred only if the 
As little deiay as 
15 minutes nullified the treatment, resulting in no sig- 


plants were inoculated immediately 


nineant reduction in number of lesions 

Measurements of leaf temperature were take by 
means of a copper-constantan thermocouple taped to 
the undersurface of the bean leaves. It was found 
that temperature dropped about 6°C in the first 60 
seconds after plants were removed from the heat 
treatments and placed under room conditions. If 
plants were inoculated as soon as 15 seconds after 
removal from the heat chambers. their leaves reached 
room temperature | minute later. 

Direct temperature effects on the inoculum The 
above results of reduced infectivity of virus in plants 
predisposed at low or at high temperatures may have 
arisen from a modification of either the host or the 
inoculum, or both. A modification of the inoculum 
seems possible since the plants were inoculated imme- 
diately upon removal from the temperature cabinets. 
However, since TMV is known to be stable to these 
and higher temperatures and because AMV is known 
to be relatively unstable. the immediate concern would 
appear to be whether AMV had been directly imacti- 
vated by the temperature treatments 

To test this possibility, vials containing 10 ml of an 
AMV-phosphate solution were placed in the dark in 
controlled-temperature cabinets for periods ranging 
from 15 minutes to 5 days and temperatures ranging 
from 5° to 55°C. The virus was then assayed for 
infectivity by swabbing it onto the surface of the 
primary leaves of Bountiful bean. The results are 
presented in Table 1. 

Temperature and its duration had a direct effect 
on AMV infectivity. Temperatures of 35°C or greater 
inactivated the virus within 15 minutes. The data 
are inadequate to show the inactivation time of the 
virus at temperatures above 35°C for periods shorter 
than 15 minutes. Consequently. no statement can be 
made on reduction in susceptibility in bean plants 
exposed to high-temperature treatments directly be- 
fore inoculation. At low temperatures, however. the 


treatments would appear to affect the host rather 
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no infection 
than the virus directly The reduction noted at lower 
temperature pre-inoculation treatments cannot be ex 
plained by a direct temperature effect on the virus, 
since the exposure of inoculum to the temperatures 
existing in the leave of the treated plants + the time 
of inoculation was too brief to inactivate the virus 

Since TMV is relatively table at temperatures up 


to 85°C and as low a rs ( the reduction in lesion 


number on Pinto beans receiving low-temperature 


treatments may be attributed to an effect on the host. 


DISCUSSION Pre-inoculatior temperatures appeal 
to play an important part u the susceptibility of bean 
plants to certain virus pathogens. Susceptibility seems 
related not only to virus specificity but to plant tem- 
perature at inoculation time. In these tests the most 
sriking effect occurred at the lower temperatures. 
where a sharp development of resistance was noted 
at 10 te This low temperature resistance OCF urred 


whether the virus was. stable rM\ or nonstable 
(AMV) under thermal-inactivation treatment It is 
explained as an effect mperature on the host 
rather than on the virus 

At higher temperature treatments, however. thermal 
inactivation of the virus itself could be a factor 
plants received the 


hours. The 


taba um were in 


In these experiments entire 
heat treatments, and the duration was 
results obtained with TMV on A 
Allington. Weihing. and 


Laird (1). for infection occurred at all temperatures 


contrast to those reported 


with pre inoculation exposures of > or 6 hours Since 


those workers exposed leaves to both pre and post- 


inoculation treatments, it appears that the heat-in- 


' 


duced resistance the ioted was due to the post- 


o 


inoculation and not the pre-inoculation temperature 


treatments. The studies with TMY at the high tem 
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peratures were not conclusive for temperature effects 


on bean although the work with AMV at these tem. 
peratures indicated a decrease rather than an increase 
in susceptibility, as noted by Yarwood (9) with many 
viruses and fungi (AMV was not included). Whether 
this was due to the specific nature of the AMY or to 
the fact that the entire plants were exposed for a 
long period, cannot be stated at this time. 


It is suggested that pre-inoculation low or high 
temperatures affect the plant so as to render it less 
suitable for establishment of the virus 


Allington, Weihing, and Laird (1) suggested that 
decreased susceptibility at the higher temperatures 
might support the hypothesis that TMV infection 
proceeds along lines similar to those now recognized 
for bacteriophages, with the nucleic acid thermolabile 
at the time of infection. The low temperature re. 
sistance found by the author could not support the 
thermolabile theory, although the mechanism for re. 
sistance may differ at high and low temperatures, and 
in a local-lesion host like bean is probably different 
from the mechanism in a systemic-infection host such 
as N. tabacum. If infection by plant virus diseases 
proceeds along lines similar to that by bacteriophages, 
the infection process in bean would seem to depend 
on some process of the host that would occur at a 
relatively critical temperature, above and below which 
the process would not take place. 
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THE CONTROL OF SOAKING INJURY OF BARLEY SEED: 


S. H. F. Chinn and R. C. Russell? 


SUMMARY 


Tests of barley seed treated by the water-soak 
method to control loose smut show that the treat- 
ment impaired germination. However, soaking in- 
jury was substantially reduced by adding sodium 
chloride to the water, 1 or 2% being slightly more 
beneficial than 3°. Ammonium phosphate and 


sodium citrate were as effective as sodium chloride; 
mercuric chloride and silver nitrate were more 
effective; ascorbic acid, sodium sulphate, and 
others were less effective; certain others, especially 
ammonium nitrate, glucose, and sucrose, increased 
soaking injury. 





In general the germinative capacity of seeds is 
impaired by prolonged soaking in water at room 
temperature. Such “soaking injury” has been re- 
ported, in studies with beans and other seeds, by 
Kidd and West (7). Tilford. Able. and Hibbard (10), 
Barton (3). Bailey (2). Barton and MacNab (4). 
and others. Working with the water-soak method 
specifically for the control of loose smut of barley, 
Ivner (11). Russell and Tyner (9). Arny and Leben 
(1). and Machacek and Wallace (8) also observed 
the soaking injury. Russell and Tyner (9) found 
that the amount of injury increased regularly with 
soaking time and temperature. They reported that, 
though soaking is effective for eradicating loose smut 
of barley. the treatment is little used by barley grow- 
ers. because of the reduced germination and extra 
labor. 

In attempts to develop methods that are both 
effective and practh al for control of loose smut. the 
writers found that adding sodium chloride to the 
water-soak reduced soaking injury significantly. This 
prompted a series of investigations on the effect of 
sodium chloride and other chemicals on soaking 
injury: the results are reported herein. 

The writers have since learned that Ivanoff (6) 
has reported that soaking oat seeds in salt water 
produced healthier seedlings than soaking in plain 
water. He suggested that salts at certain osmotic con- 
centrations eliminated “weak” seeds. causing death 
through cell plasmolysis. 

MATERIALS AND METHODS.—Barley seed was soaked 
at room or controlled temperatures for specified peri- 
ods in water or water containing various chemicals. 
The soaked seed was dried, and sown in the green- 
house at the rate of 300 seeds per flat. and in the 
field at 125 seeds per 8-foot row replicated 4 times. 
Germination was rated on emergence. and recordings 
were made when the seedlings were in the two-leaf 


stage In both greenhouse and field tests dry un- 
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treated seed was sown for comparison. Emergence in 
the untreated checks was considered 100° for com- 
puting germination and injury percentages. 

EXPERIMENTAL RESULTS.—W ater-soak injury to bar- 
ley seed.—Four samples of Rex barley, 7 of Husky. 
6 of Montcalm, and 3 of Warrior were tested for 
susceptibility to soaking injury. The seeds were 
soaked 65 hours at 24°C and sown in the greenhouse. 
All seed lots showed injury (Table 1), ranging from 
13°°. for a sample of Montcalm from Balcarres, to 
98°,, for a sample of Rex seed from Melfort. Since 
only a few samples of 4 varieties were tested, it is 
not possible to draw conclusions as to varietal dif- 
ferences in susceptibility to soaking injury. The data 
show, however, the existence of intravarietal differ- 
ences, as witness the 13-97! range of injuries in 
Montcalm samples. 

Effect of sodium chloride on soaking injury.—1) 
Greenhouse trials—Numerous samples of different 
varieties of barley were tested for susceptibility to 
injury from soaking 65 hours in water or | or 2% 
sodium chloride solution at 24°C. Four typical sam- 
ples were injured in varying degrees by the water- 
soak (Fig. 1). Sodium chloride significantly reduced 
injury. The 1° solution reduced the respective in- 
jury percentages from 83 to 23, 66 to 32, 49 to 25, 


and 12 to 0. The 2° solution showed a greater re- 


duction of injury in 2 samples, and a lesser in the 
other 2. 


2) Field trials.—One seed sample from each of 4 
varieties of barley was tested for susceptibility to 
injury by soaking 55, 65. or 75 hours in water or 1, 


» or 3° sodium chloride solution at room tempera- 


ture. The seeds were tested for germination in field 
plots at Saskatoon and Scott. Averages of results 


from the 2 locations (Fig. 2) show that all 4 samples 


were injured regardless of the length of soak, varying 
in general with length of soak. Some samples were 
more severely injured than others. The Gateway re- 
ceived minimal injury (7°) even at the 75-hour 
period. At the other extreme the Rex seed was in- 
jured severely (64°) ) at the 55-hour period. Sodium 
chloride was particularly beneficial in treatments that 
caused heavy injury. With some exceptions, 1% 
addendum was slightly more effective than 2%: 3% 
was least effective. Sodium chloride was not signifi- 
cantly beneficial in soak treatments that caused slight 


r¢ 


injury. In some cases, especially at the 3° level, 
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containing the various he (,ermination.§ tests 
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were injured to the extent of ) Table 2 Of the 


17 chemicals tested. 12 re 
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injury complete! Sod trate and ammonium 
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DISCUSSION It Is evice ! that the verminative 
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dition of the seed is imps 

The results presented here show that the ill effects 
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ilver nitrate at O.1°,. The data on soaking injury, It is interesting to speculate on the cause of soak- 


slone or combined with those on the control of loose 


mut. indicate the superiority of mereuric chloride 


and silver nitrate over sodium chloride. However, 
sodium chloride, the commercial non-iodized type, is 
economical and readily available; it is not as danger 
ous as the other 2 chemicals for use on the farm. An 
obiection to the water-soak treatment is the foul odor 
during soaking and drying. Any of the above 3 


chemicals made the odor less objectionable 
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ing injury and the mechanism of reduction of soaking 
injury by sodium chloride. Barton and MacNab (4), 
in a study of the injury of bean seed soaked in water 
supplied with oxygen, found that injured seeds ab- 
sorbed excessive amounts of water. Eyster (5) con- 
cluded that losses of proteins, digestive enzymes. and 
growth-promoting substances were the main factors 
responsible for the decreased germination of bean 


seeds soaked in water However he did not entirely 
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at 5 h evel | Kuntz. and A. J. Riker 
st MMARY 
erved rarely nthe one of which was greatly elongated. Each group of 
thern pin oak betore large cells was sheathed with a dense laver of small 


cells, thus resembling early stages of perithecial 


formation. In other areas of the stroma, cavities 
were formed into which conidiophores grew and 


Many 


Hyphae and tvyloses also 


produced  endoconidia. large mats often 


formed on a single tree. 
were found in the xvlem_ vessels of infected oak 
invaded other cells of the root. 


including the cortex. The mode of hyphal migra 


Hyphae 


roots 


tion was similar to that in the stem. Fungus mats 


were not detected In the roots Spores were ob- 
served in the vessels of infected seedlings 4 davs 
hyphae and tyloses 


Leaves on oaks infected 


after inoculation. and both 


previous season wilted after the fungus 





traced the movement of poisons. dyes. and radioactive 
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the upward movement in the 
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downward movement was limited 
except in grafted roots. In infected trees. however. as 
further studied by Beckman et al (2). a sudden drop 
(90 in the rate of movement in inoculated oaks 
period 3 4 days preceding first 
Struckmeyver et al (18 
described the formation of tvloses and gums in the 


oaks. These 


vessels, restricted internal water 


occurred during a 


permanent wilt symptoms. 


xvlem_ vessels of infected formations 
occluded the 


and appeared to contribute to the development 
In histological studies of infected oak 


move- 
ment 


of foli ive wilt 
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tissue. Struckmeyer and Kuntz (19) rarely observed 
mycelium In the vessels before or at the time of in- 
cipient wilt. Later. during severe wilt and defoliation, 
extensive mvcelium developed in the xvlem vessels 
Fungus migration outward through the sapwood and 
initiation of mat formation were described. The pres- 
ent paper reports further studies of fungus activity 
within infected trees. certain host reactions to fungus 
invasion, and the initial stages of mat formation. 

Both mycelium and spores have been reported in 
the sapwood of infected oaks as well as in felled logs 
and sawed boards. In earlier studies, Henry and 
Riker (11) 


fected trees as deep as the two-year-old summer wood. 


recovered the fungus from naturally in- 


Young (23) observed mycelium in some xylem vessels 
of leaf midribs. petioles, and twigs of infected red 
oaks. QO. borealis Michx. Mycelial development was 
venerally sparse. with most hyphae growing longi 
Radial distribution of the 


fungus was restricted to the outer 14 in. of sapwood. 


tudinally in the vessels. 


Numerous conidia also were observed, and were sug- 
vested as a mechanism for rapid dissemination of the 
fungus throughout the tree in the transpiration stream. 
Jones and Bretz (12). however. were able to isolate 


~~» 
32 


the fungus from the tenth annual ring. or mm 
inside the cambium. of infected red oaks that had 
died the previous summer. The authors concluded 
that the oak wilt fungus apparently was limited to the 
outer sapwood until shortly after foliar symptom ex- 
pression, but that. by the time mats formed, the 
organism may have invaded any part of the sapwood. 
Englerth. Boyee. and Roth (8). in studying the lon- 
vevitv of the oak wilt fungus in felled red oaks. could 
isolete the fungus only in the outer sapwood of logs 
freshly cut. but from a depth of at least 1 in. in logs 
stored 6 weeks or in sawed boards after 14 days. The 
iuthors stated that the fungus had penetrated at least 
| in. during the air seasoning. but they did not de- 
scribe the manner of penetration. Meanwhile, Fergus 
ind Wharton (9 
of twigs. branches. trunks. and roots of infected red 
oaks, O. rubra | Very few were detected in the 


ilso observed tvloses in the vessels 


roots. Sparse mycelium was found in the sapwood of 
the trunk and in a few roots. but no conidia were 
observed. The bark was not invaded by the fungus 
intil mats had formed. 

Critical differences in disease development in othe 
oak species have been studied. Parmeter et al (14. 
15 in studving infected bur oaks. QO 
Michx.. reported that symptomatic 


macrocarpa 
tvloses. which 
plugged the xvlem vessels. were limited to a narrow. 
vertical sector of the bole and to vascularly connected 
branches. Such branches developed symptoms. and 
the oak wilt fungus was isolated from them H rwever, 
only a few hyphal fragments and conidia were de 
tected in the vessels Many trees failed to develop 
symptoms after the first season, and attempts to 
isolate the fungus from the next season’s annual ring 
were negative In other trees, recurring symptoms 


resulted from invasion of the new annual ring by the 
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fungus and subsequent plugging of the vessels. 

Stages in the life cyele of the fungus were unknown 
until Bretz (3, 4), Tiffany (20), and Wilson (21, 22) 
described the perithecial stage of the organism in 
culture. Curl, Stessel, and Zuckerman (5, 6) observed 
mats in the subcortical region on both the inner sur- 
face of the bark and the outer surface of the wood of 
wilt-killed trees. 
bedded in the mats, and their structure described (13. 
16, 17). 


MATERIALS AND METHODS 


Perithecia have been found em- 


Various samples were 
prepared for histological study. Mats were collected 
in September, 1953, near Wisconsin Rapids, Wiscon 
sin, from the branches and trunks of northern pin 
oaks that had wilted earlier the same summer. The 
mats ranged from 1 mm to 6 em in length. The 
specimens were cut into small blocks prior to fixing. 
Samples of roots were taken in March, 1954, from 
similar trees that first showed wilt symptoms in July, 
1953. The roots were about | in. in diameter. They 
were quartered before being placed in the fixing 
solution 

[Two-year-old seedlings of live oak, Q. virginiana 
Mill. growing in a greenhouse were inoculated Decem- 
ber 31, 1954, with spores introduced through wounds 
in the second and fourth internodes from the tip 
The seedlings were grown at a temperature range of 


20-37 C. Samples were taken through the inoculated 


region of these internodes 4, 18. 32. and 84 days later. 
(Another group of seedlings was inoculated only at 
the fourth internode of the stem. Twelve weeks later 
when wilt symptoms appeared in the crown, samples 
of the stem were taken at the inoculation point as 


) 


well as 2 in. above and below 


\ group of northern pin oaks inoculated August 6, 
As occa- 


sionally happens, several of these trees partially re 


1954. developed foliage wilt by September ¥ 
foliated the following spring. On May 13, 1955, sam 
ples were taken from these stems with active cambium. 
After the new foliage had wilted. sampling was re 
peated to determine whether the fungus had invaded 
the new growth ring. 

Collected specimens of appropriate size were fixed 
in formalin-acetoalcohol. They were dehydrated with 
n-butv] alcohol and embedded in’ paraffin. Longi- 
tudinal sections 15-20 » thick were cut on a sliding 
microtome and stained with safranin O and fast green 
FCF. The hyphae appeared light green and the 
nuclei red. 

OBSERVATIONS Stems of naturally infected trees. 

Hyphae of the causal fungus were rarely observed 
in the vessels or other tissue at the time of initial leaf 
wilt. Later. however. after most of the leaves had 
turned brown and dropped, extensive mycelial growth 
was found in the xvlem vessels (Fig. 1). For example. 
the material collected in September. 1953. from trees 
that had wilted in midsummer had mycelium and 
tvloses in the vessels. Hyphae were abundant, par- 


ticularly along the periphery of the xvlem vessel wall. 
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that scarcely visible, 


hyphae were observed in the outer tissues of the wood 


On wood with tiny mats were 


also. The hyphae had reached the cambium by pene- 
pairs of the xylem _ vessels 


Thus, 


penetration 


trating the bordered pit 


into adjacent ray and xylem parenchyma cells. 


lateral and_ vertical 
(Fie; 2. 3). 


thes made both 


through the stem Similar penetration 


(Fig. 4) occurred in the 
Mycelial 


Proliferation of the ray 


root. as discussed later. 


penetration was usually intracellular. 
parenchyma cells accom- 
invasion. As a result, masses of these 


panied fungus 


cells formed in the outer sapwood near the cambium. 
To determine whether the ray cells proliferated before 


actual invasion of the fungus was difficult. However, 


cells 


particles of 


through which hyphae had passed contained 


dark-staining. granular material. By the 


time mvcelium reached the cambium, many of the 


rav cells had collapsed and disintegrated, leaving 
masses of darkly stained material. The masses of 
collapsed 1 cells formed cavities. which were occu 


the mycelium (Fig. 5) 


pied quickly by 


{ mat of fungus mycelium was initiated as the 
hyphae gre between the cambium and the wood. 
Heavier staining of adjacent cell walls. collapse ot 
surface cells. loosening of the bark. and an aecumu 
lation of fatlike droplets in ray parenchyma accom 


panied fungus activity. The enlarging mats consisted 


of h phae 


desig- 


Within the 


ganized into what was commonly 


nated a pseudoparenchymatous stroma. 


stroma or mat was a central core of hyphae sur- 
rounded ty mass of enlarged. rounded cells (Fig. 
6). Phi- rrangement was characteristic of mats 
larger than | } em. As the mats continued to en 
large. the inded. pseudoparenchymatous cells re- 


readlike structure and continued to 


sumed a tl grow 
along the surface of the cambium. Within this net 
work of hyphae. 2 or more large cells. surrounded by 


cells, 


These structures. not 


lavers of smaller became con 


Fig 7) unlike asco 


varied in size and were scattered through 


several dense 
spicuous 
gonia (22 
out the mat. The apical cell frequently was elongated 


and curved. suggesting a trichogyne (Fig. 8). 


The mature perithecium consisted of a globe. or 
sack-like structure, embedded in the mat. with a neck 
that protruded through the oute! edge of the stroma 


and beyond (Fig. 9). Ascospores were formed within 
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Conidiophores from the hyphae surrounding these 


cavities grew into the cavity and formed endoconidia 
(Fig. 7) 


as a chain within the hyphal tip 


The endoconidia, when forming. appeared 
The first- 
formed spores were released into the cavity. 


older a 


Roots of naturally infected trees—Roots from trees 


that showed wilt in Julv. 1953. were sampled early 
in March, 1954. At that time. some of the wood 
showed decomposition. Tyloses were abundant in the 


vessels, completely occluding them in some cases. In 


some sections hyphae were observed emerging from 
the vessels through the pits of the surrounding cells, 
(Fig. 4). 
through the 


Radial migration 


cells. 


as described for the stem 


outward continued parenchyma 


Cellular reactions within the roots were less than 
those in stems: there was no evidence of mat forma- 
tion: the cambium was in contact with the bark in 


all samples examined. However. hyphae were found 
in the cortical cells, and some had penetrated between 


the layers of the periderm. 


Stems of inoculated seedlings Two-year-old seed- 
lings of live oak growing in the greenhouse were 


inoculated in the upper stem with the oak wilt fungus 


to determine how soon external and internal symp- 


Four days after 
those intro- 
(Fig. 10) 


young, and 


toms would appear after inoculation. 


inoculation, spores (probably some of 


duced) observed within the vessels 


At this time. the 
walls had not vet dissolved In 


were 
vessels were. still cross 
incipient 

Fight- 


inoculation, hyphae and, occasionally. 


some Cases, 


> 


foliar wilt appeared 13 days after inoculation 
een days after 
spores were found in the vessels above and below the 
a wilted branch. 


junction of [yloses were protruding 


into the vessels: some tyloses were in an early stage 
enough to 
weeks after 


moderate 


of development, and = others large 
occlude the vessel (Fig. 11) 


inoculation, when 


were 
Twe lve 


symptoms ranged from 


to severe wilt. tv lose ~ hyphae. and spores were appar- 


) 


ent in vessels at least 2 in above and below the point 


of inoculation. By this time. tyloses had completely 


occluded the vessel The hyphae migrated outward by 


crowing through the bordered pits of vessels and 


then from cell to cell. as described previously 


number of trees were 


These 


Stems oft refoliated trees \ 


inoculated August 6, 1954 trees developed 


the rounded perithecium and released through the severe foliage wilt by September 1. In the following 
neck to t exterior. Young, developing perithecia, spring, several trees partially refoliated Although 
mature ones releasing ascospores, and old empty ones leaf expansion continued for a time. foliage appeared 
occurred in the same stroma. sparse, stunted, and variously malformed. On May 

Simultane <lyv. cavities were formed in the stroma 13. 1955. sample < of stem tissue showed mycelium and 

Fi Photomicrographs of longitudinal sections of he stem of oak infected with the oak-wilt fungus.-Fig. 1 
Myce essels. 800% .—Fig. 2, 3. Hyphae passing through bordered pit pairs of xylem in stem Note the con- 
strict hyphae that pass through the cell wells to the right 800 » Fig. 4 Hyphae passing through 
bordere ! rs of xvlem in root Bov0 big 5 Proliferated ray cells near the ambium have collapsed and 
forme which the mvcelium grew irrow) 120» Fig. 6. Early stage of mat formation showing stroma 
I pseuday enchvmatous cells 165 Fig 7 Part ot a if with endoconidia lorming in the cavity, and different 
stage a thecial formation in the stroma. l6o> Fig. 8. Early stage of ascogonial development showing curved 
richogyne M Fig. 9. Mature perithecia in mat. 8 Fig. 10. Spores in xylem vessel 4 days after inoculation 
{ 2-year e oa seedling. 800 Fig 1] ['vloses, } ha in spore irrow n the essel of two-year-old live 
aK see ng & days after inoculation. 80 
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tvloses in the 1954 sapw i | ot in the 2 tiers of 
newly formed springwood ve The xvlem vessels 
were differentiated, | lls were still appar 
ent. At that time the | was readily isolated 
from the plugged 1954 a | ring. but not from the 
open 1955) springwood \fter May 20. no 
additional vessels formed, but the new = spr wood 
vessels were still open. On J 1. wood of the same 
trees was examined agai Meanwhile. leaf expansion 
had ceased and foliage vilt ppeared On this date 
spores and mycelium were found in the newly formed 
xvlem_ vessels: ome of the essels were occluded 
with tvloses The oak wilt fur was isolated from 
both the 1954 and the 19 ri In the stem. the 
hyphae traveled laterally 1 the ray cells. through 
the old matured cambiun d into the newly formed 
cambium, and vertically throuch the pits of the xvlem 
parene hyma. As the i" f il reached the phloem 
and cortical parenchyma. the mycelial strands ap 
peared larger and more granular. Many of the ray 
cells contained deepls | I ule Breakdown 
and obliteration of the ells were common 


Within the cavities re pith tron this breakdown 


masses of mycelium were erved 

DISCUSSION Oak wilt iscular disea result 
ing from invasion of the er-conducting vessels by 
the oak wilt fungus. Sudde wilt. premature defolia 
tion, and death of infected trees result. indicating a 
severe reaction. The first te 1. structural symptom 
of oak wilt noted w the ition of tvloses and 
gums in the xylem vessels. prior to development. of 
initial foliage wilt. It w not until trees were = se 
verely wilted that hyphae vere observed in the xvlem 
vessels of the = sten Phe ibsequent development 
and migration to other | es gave some insight on 
fungus activity within the host that led toe svmptom 
development 

The reason for this d celial development 
is unknown. The diff find mycelium. even 
during the early stage f foliage wilt. suggests the 
importance of conidia in 1 d internal distribution 
of the fungus. It also suggests that a study of spore 
physiology might clarify ear host responses. such 
as rapid tvlose and in lopment 

Exit of the hyphae fro he xvlem vessels through 
the bordered pits r parenchyma a <vlem 
parenchyma preceded th ition of fungus mats be 
tween the bark and th: od The proliferation of 
the ray cells as the toward the mbium 
apparently resulted fron lation by the rear 
ism. since the invaded eontal a ranular 
particles. and these cells later lapsed. No doubt 
this proliferation ind ad nt ration of the outermost 
parenchyma cells at the place of mat formation facili 
tated the loosening or the Dark ind, together with 
pressure exerted by the « ging fungus mat. pro 
moted bark = crackir Fer ind Wharto 10 
recently demonstrated that the mak wilt tung pro 
duced a growth-promoti bstance well . i 


pectin depolymerase I lture 
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similar substances are active in infected trees js 


unknown. 
Examination of the wood of northern pin oaks that 
wilted in 1954 but partially refoliated in 1955 demon. 


strated that the cambium remained alive and fune. 
tional for a time even after severe foliar wilt. No 
immediate or direct “toxic” action on the cambium 
was noted. Foliar wilt and eventual death of the 


infected trees occurred only after actual fungus inya- 


sion of the current annual ring and subsequent plug. 


ging in the springwood vessels, No evidence was seen 


of diffusion of fungus metabolites from one ring to 


another 


In northern pin oaks the fungus appeared able to 


migrate readily from the 1954 infected annual ring 
into the newly formed 1955 springwood vessels. Such 


fungus penetration would account for the commonly 


observed (7) partial and abnormal refoliation of fall. 
infected trees the following spring. 


Stages in mat formation and perithecial develop- 
ment on infected oak trees closely correspond to stages 
ol development in culture (21). 
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MARIGOLD, TAGETES ERECTA, CAUSED 


BY SEPTORIA TAGETICOLA N. SP. 


Winit Changsri and Geores 


KF. Weber? 


stUMMARY 


\ leafspot disease of Tagetes erecta, caused by 
is characterized by oval 
irregular. smoky-gray to black spots on the leaf- 


with minute black pycnidia. In 


nature the disease first appears on the lower leaves 


ane 


Vol 


INTRODUCTION. 


marigolds, 


(iD) 


\frica 


Weiss 


of ma 


Tagetes spp 

Previous collections of 
Voorhees in 
the Florida 


jum, designate d as 


of the 


This disease has 


specie 


more 


plants, 


lated with climatic 


are horticultural 


{1 advances upward. It also develops on the 


inge!r branches, pedune les, bracts. and seed. 


Inoculation studies show penetration of the host 
through the stomata and the production of viable 
ine ubation period ot } 5 


Afric an 


susceptible, 


pycenidiospores after an 
days. Horticultural 
gold, Tagetes erecta L.. are 
whereas varieties of the French marigold. 7. patula 
| . are 


varieties of the mari 


very 


resistant to Immune. 





Phe 


characterized by 


commonly grown ornamental 
Bailey (1) Small 


Tage fes erecta, the 


and 


varieties of 


n type. and of T. patula, the French type. 
(4) reported many parasites causing diseases 


rigolds. but no reports ot Septoria spp. on any 


have been found in the literature. 


= 4 


in 1955. are in 


the disease, made by 
1936. and by G. F. Weber 
Agricultural Experiment Station Herbar- 
Septoria sp. A preliminary report 
disease was made by the writers (3) in 1957. 


been found only on the marigold 
s Tagetes erecta and T. patula, the former being 
than the latter. On 


the severity of the disease 


susceptible sus¢ eptible 


was closely corre- 


conditions. 


This leafspot was found in several widely separated 
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locations in Alachua County. and a limited survey of 


miles of Gainesville revealed 


African 


the vicinity within 150 


the disease on. the varieties almost without 
exception, 
were observed during 


that 


The variations of the disease 


the summer of 1957. Symptoms were so severe 


period wae shortened by 
death of the plants. A 


17 plantings of 


the blooming premature 


defoliation and early survey 


in this vicinity showed the disease in 


the African type marigold. During the entire summer 
no plantings were found free of the disease. Severe 


outbreaks high 


rainy periods, and continuing periods ol high humid 


depended large ly on 


temperatures, 


itv. Primary infection, apparently from infected seed, 


was observed in early spring on volunteer plants from 


a previous planting 


Under favorable conditions the fungus advanced 
extensively in the host tissue and produced an abun- 
dance of pyenidia and pycnidiospores, which were 
scattered by blown leaf fragments. rain. and dew. 


Secondary infection continued to spread rapidly 
The disease is considered the most important tactor 
marigold as a 


Florida. Plants 


disease hes imse 


longevity of the 
this 


in shortening the 
flowering ornamental in part of 


July 


they deve lop during dry weather 


grown before usually escape the 


SYMPTOMATOLOGY Plants in any stage of develop- 








562 PHYTOPATHOLOGY Vol. 48 


ment were susceptible to infection by the fungus. (Fig. l-a.b.c). As the disease developed the leaflets 
When flecks were first observed on the leaflets. they became curled and twisted, but remained attached to 
were a darker green than the surrounding tissue the leaf rachis. 

Under favorable conditions they enlarged rapidly, Lesions on the petioles, stems. and peduncles, less 
becoming smoky-gray to near-black, oval to irregular conspicuous than on the leaflets, formed elongate, 
in shape, and speckled with minute black pyenidia narrow, discolored areas in which black pyenidia 





Fic. 1. Leafspot disease a) on a susceptible marigold; b) on a leaf: c) leaflets showing pyenidia; d) on the petioles; 
e) on the invyolucral bract f) showing susceptible Tagetes erecta (left) and resistant Tagetes patula; g) pyenidia 


on see 1. 





48 


flets 
d to 


less 
rate, 


idia 


———— 





sles: 


} 
nidia 
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were usually seen (Fig. l-d.e). Their size was limited 
mostly by the diameter of the host part. On the 
invelucral bracts, the blackish lesions were usually 
longer than wide, and contrasted with the green of 
the surrounding tissue. 

seeds that developed in heads enclosed by diseased 
bracts also became infected (Fig. l-g) Pvyenidia 
were found on the seed near the point of attachment. 

The tungus grew slowly on potato-dextrose agar at 
128°C. with optimum rate for mycelium and _ pye- 
nidiospore production at 20-24 Cc 

Seanty growth developed at pH 3.0: optimum 
erowth appeared at pH 4.0-6.0. Development of the 
fungus in alkaline media slowed as alkalinity in 
creased. although growth was fair at pH 9.1. Pve- 





\ Bud B j 
N seas \f 


ku 2 Septoria tageticola showing i 


a . fy 
"a 


pve nidiospores 


and stages o germination: b) camera lucida drawing 


penetration 
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nidia developed plentifully at pH 4.1, 


though pyc- 
nidiospore formation was poor. 


Because the growth 
was exceedingly slow, the diameter of colonies at 
optimum rate was 2.2-2.6 cm at 30 days. 

Growth was better on potato-dextrose agar than on 
celery, onion, marigold, V-8. Difco bean pod. Difco 
Lima bean, Difeo corn meal, and Difco prune agar. 

Pycnidiospores germinated better on potato-dex- 
trose agar than in distilled water. They swelled. be- 
came vacuolate, and deeply constricted at the septa. 
and increased in length (Fig. 2-a). The terminal 
germ tubes were well developed at 18 hours. The 
mycelium branched and extended rapidly, becoming 
dense, and light-brown jelly-like pycnidia were initi- 
ated within 4 days (Fig. 3-a). Secondary and tertiary 
pyenidia developed rapidly at the same time. varving 
from light tan to near black. In many instances pv 
nidiospores developed within 9 days 

MATERIALS AND METHODs.—Sixteen varieties of the 
African and French marigolds were grown both in 
the greenhouse and outside. Throughout the study 
we used pure cultures of the fungus from many isola- 
tions of naturally infected marigold plants from 
widely separated areas in Florida. 

Cultures of Septoria tageticola were obtained from 
infected leaves, stems, and bracts. Conidia produced 
by the several cultures originating from these various 
isolations were used as inoculum. Various ways were 
tried of inoculating healthy plants with the fungus 
All inoculated plants were left 48 hours in a moist 
chamber and removed to the greenhouse bench. Five 
days after inoculation, light-brown diseased spots be- 
gan to appear on the leaflets. Inoculations in the 
greenhouse included plants incubated 2 days under a 
cheesecloth cover with a mist atomizer suspended 
overhead. Other inoculated plants were left uncov- 
ered. with no humidifier. Plants growing in a field 
plot were inoculated by atomizing spore suspensions 
onto the foliage after the plants and soil around them 
had been thoroughly wetted. The amount of disease 
resulting was verv similar in all tests. All inoculations 
were made in the evening. when relative humidity 
was high. Black pvenidia usually developed in 9-10 
days. 

In varietal susceptibility studies. a series of 3 
inoculations were made in the variety field plot on 
July 29. August 5. and August 18, 1957. One or more 
plants of each variety were reserved as checks. The 
horticultural varieties of Tagetes erecta were suscep- 
tible. and the horticultural varieties of 7. patula were 
resistant (Fig. 1-f). 

The mvcelium of the fungus, as observed in culture 
soon after germination, was hyaline, 4-6 ,» in diame- 
ter, and became septate and many-branched. It be- 
came gray with age, and eventually almost black. 

The pyenidia were spherical and developed on both 
surtaces ot the brown lesions, though they were more 
numerous on the lower leaf surface. Detailed studies 
were made from fresh host tissue left in a 1:1 solution 


of absolute aleohol and glacial acetic acid until the 
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chlorophyll Was removed he tissue was then gently \ Tagetes erecta variety. Yellow Supreme, was ip. 
boiled a few minutes it itophenol to shorten the — oculated with a spore suspension of the fungus from 
time of clearing, cooled and left in a saturated aque- potato-dextrose agar and incubated in a humid atmos. 
ous solution of chloral hydrate until clear ind phere. Detached leaves were also inoculated. ind 
mounted and ringed o glass slide incubated in moist chambers. Inoculated areas on 


leaves were indicated with India-ink marks. After an 
initial 12-hour incubation, some leaves were excised 
each 6 hours for 72 hours. Samples were cleared, 
stained. dehydrated. and mounted permanently op 
glass slides for study. 

Examination of the prepared sections showed that. 
during the first 18 hours of incubation. the pyenidio. 
spores germinated from the terminal cells. and see- 
ondarily from the remaining cells. Penetration had 
taken place through the stomata of samples collected 
36 hours after inoculation (Fig. 2-b). The stomata 
were penetrated. regardless of whether open or ¢ losed, 
and no direct penetration through the epidermis was 
observed. Germ tubes that penetrated the host through 
the stomata usually showed the formation of an ap- 
pressorium at the point of entry. Germ tubes were 
not always attracted to the stomata: in many instances 
they grew across the opening. The appressoria were 
1.5-3.0 «w in diameter. At first the germ tubes became 
slightly enlarged at the tip. and later formed an 
appressorium and a penetrating hypha. The hyphae 
were located in the intercellular spaces throughout 
the parenchyma cells. Pyenidial initials appeared as 
aggregates of hyphae in the substomatal chambers. 
where the mature structures were rapidly formed. 
some appeared to be formed deeper in the host tissue 
(Fig. 3-b). 

The fungus was classified in the genus Septoria 
because of the color and shape of pycnidia and_ pye- 
nidiospores. No sexual stage has been observed. A 
report of a disease of marigolds caused by a Septoria 
sp. has not been found. A number of Septoria spp 
were reported on plants of the family Compositae 
that grow in Florida: however. none of the deserip- 


tions were considered similar to Septoria tageticola. 
except possibly Septoria chrysanthemi, which has 
slightly larger pyenidia and larger spores. Cross 
inoculations. however. showed that S. tageticola was 
not pathogenic on chrysanthemums and that the Sep- 
toria sp. found on chrysanthemums did not infect 
marigolds. It was coneluded that the fungus is an 
undescribed spec ies, and the following des ription is 
presented: 

Latin description.—Pvyenidia globosa maculicolosa. 
aggregata, caulicolosa, phyllogena. amphigena saepius 
hypophylla. subepidermalis dein de erumpentia. fulva 
dein nigrantis. 42-140 , in diametro: primum, parvo- 
ostiolata, in maturitate late aperta, conidiophora hya- 
line. subulater 3-6 1-2 yw: conidia singulatim § ori- 
enda, hyalina. filifermia. continuosa dein 5. septate, 
recta, 18-57 “ 1-1.5 uw in cirros emergentia 


In caulibus. foliis Tagetes spp.. Gainesville. Florida. 





Description.—Pvenidia round. aggregated in_ spots 


Fic. 3. Pvyenidial formatior n a) potato-dextrose agar; 


and b) on host on the stems and the upper leaf surfaces. more com- 





is in- 
from 
tmos. 


ind 
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mon on the lower surface; subepidermal, becoming 
erumpent. brown becoming black; 42-140 y in di- 
ymeter; at first a small circular ostiole becomes 


widely open. 14-70 ww at maturity, conidiophores hya- 
line. subulate. 3-6 1-2 yw: conidia borne singly, hya 
line. thread-like. straight, continuous, becoming 5- 
septate, 18 57™ 1-15 uw. emerging in tendrils. 
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SOME FACTORS THAT INFLUENCE DEVELOPMENT OF 
DWARF BUNT IN WINTER WHEAT 


| I. Tvler and N I. Jensen 


SUMMARY 


Coverings of straw or snow on plants during 
the winter months, when wheat is relatively dor- 
mant. induced development of dwarf bunt. caused 
by Tilletia contraversa, much in excess of that in 
plants not covered. Coverings of straw were more 
effective than snow. Light coverings of straw 
ipplied immediately after sowing wheat did not 
induce development of the disease: in fact. such 
coverings remaining on the plots during autumn 
and winter tended to depress the disease. The 
means by which winter coverings of straw or snow 
induce development of dwarf bunt are unknown 
Probably winter cover minimizes the effects of 
certain climatological factors when they become 
unfavorable to the pathogen and helps to create 


an environment favorable for attack by its stabi 
lizing effects on soil moisture. temperature, and 
perhaps, light at the ground level. Straw cover 
has been used successfully for inducing develop 
ment of dwarf bunt of wheat in a program designed 
to identify resistant selections. Incidences of dwarf 
bunt were higher in wheat plantings made at 1-in 
depth than in those made at 2-in. depth. The 
disease-producing potential of infested soil was 
found to be related to the load of inoculum. More 
over, it was found that the disease-producing 
potential of soil-harbored inoculum may diminish 
considerably within a 2-month period if the infested 


soil is intermittently wetted by rain 





Observations in commercial wheat fields in New 
York, beginning in 1945, led to the hypothesis that 
winter cover. such as deposits of drifted snow, induced 
development of dwarf bunt in winter wheat. Experi- 
ments revealed that straw coverings applied about 
the time wheat becomes winter dormant induce de- 
velopment of dwarf bunt in plants growing in soil 
infested by TwWletia contraversa Kiihn (18). Since 
dormancy is manifested by the spores of this patho- 
gen. little if any infection can be obtained by inocu- 
lating seed. Infection of wheat can be obtained. 
however. by planting seed in soil infested by the 
pathogen. but the resulting prevalence of disease may 
be too low to further the objectives of an experiment. 
For example. tests of wheat selections for reaction to 
T. contraversa have frequently been rendered futile 
by the uncertainty that attends the development of 
dwarf bunt in plants grown outdoors in infested soil. 
It seemed worthwhile. therefore, to Investigate further 


the possibility of using straw cover to induce dwarf 
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respective ly 


bunt in wheat. Continued investigation of this phe 
nomenon has produced results in each of 3 years 
similar to those first reported in 1953 (18). During 
this period the straw-cover method has made possible 
steady progress in the search for dwarf-bunt-resistant 
selections of wheat for New York (11) 

This paper presents results of experiments per 
formed to provide additional information on how the 
development of dwarf bunt in winter wheat is affected 
by straw cover, the timing of application and removal 
of straw cover. soil moisture. methods of seeding. 
weathering of spores in the soil, and methods of 
applying infested soil in the process of inoculation 

MATERIALS AND METHODs.—Inoculum of 7. contra 
versa was collec ted from diseased wheat on New York 
farms and from diseased wheat that developed in the 
dwarf-bunt nursery. Heads affected by dwart bunt 
were collected in late July or early August, dried, 
and stored at normal indoor temperatures until pre- 
pared for use in autumn. The inoculum was usually 
prepared by grinding dried diseased wheat heads 
coarsely in a meat chopper. Measurements show that 
the smut sori in a head of diseased wheat compose, 


on the average, about 50 per cent of its total weight. 





ore er 
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Ground imoculur witt moderately dry prepared as described at the beginning of this section. 
field soil. and the sted is stored in earthen ind protected from rain until used. 
floored outdoor bir it t mental nurse Dur Winter wheat seed (Cornell 595) was sown in open 
ing storage the infest exposed to. or pro rows 45 ft. long. 3 rows per plot. and the plots 
tected from. rain as desired. Soil and inoculum were planted in triplicate. Equal weighed quantities of 
mixed as follows " f soil were spread either formaldehyde-treated or hot-water-treated seed 
in a laver on the ¢ the I I O-ft. outdoor were planted per row, Two methods of planting were 
bin. Friable soil wit , ture content proved a ised. One method. called “regular.” consisted of 
satisfactory mediun wi moun suuld be dis planting seed at either I- or 2-in. depths in rows 
tributed with minimum diff t Inoculum in desired opened in loose. fitted soil at normal ground level. 
quantities was unifort the soil laver and The second method. called “basin.” consisted of plant- 
raked = in Succeedit me red quantities of soil ing seed at 2-in. depths in rows in depressions made 
were spread on the pre ixed laver. and inocu by removing loose soil so that the bottom of the de. 
lum was added and mixed before until the infested = pression was firm and resembled a wide dead-furrow 
soil reached a depth of 9 n the bin About 1 gal. of infested soil was used to cover seed 
Inoculum used per performed 1954 in each row. The infested soil was packed by walking 
was subjected to weather factors by 2 methods on it after placing it in the seeded row. 
Inoculum designated ) ( ear weathered” con Coverings of oat straw were applied at 2 rates: 
sisted of sori collected 53. placed in pure glass “heavy” applications were about 22 lb. per 100 sq. ft. 
cloth bags rout tte ru of sol per bag of field plot surtace;: “light” applic ations were about 
and cached on the sé e outdoors for about ] 15 lb. per 100 sq. ft. Considerable care was taken to 
vear. exposed to the elet f weather and edaphi distribute the straw uniformly on the plots. after 
factors (17 Spore re mixed with soil which it was battened down with twine. 
on September 24 54 kept protected from rah (An effort was made to obtain extra-heavy snow cover 
in an outdoor bir " esignated “1954 weath on some plots by constructing a 20-in.-high snow fence 
ered” consisted 1 inoculu ollected tlong the prevailing windward side of the plots. 
in 1954: it was mixes t 100 2 ind ex Data were obtained about the time the wheat began 
posed in outdoor | \ similarly prepared to ripen. The percentages in the tables were based on 
hatch. referred to 954 ithered.” was coy counts of total and smutted tillers 
ered to protect it trot ra ‘ latter bat es were Ry st LTs Data in Table 1 show that ine idences of 
prepared on August 9 54 d early October dwarf bunt were greater in plots provided with winter 
of that veat Infested iY ind Yoo was coverings than in plots not covered. Straw was much 
Panut hk flect { ence of wart bunt in winter wheat seeded or lifferent dates 
‘ hered spors Tilletia contraversa O54 
Y Avera ent of tillers afte 
1, _ py iftions 
Sana ay 954 Dec. 27, 1954 No 
dat treat Heavy Light Snow covet cover 
Oct 95 04 - 91 ~ ] 
} } ] 6.6 28.9 10.7 
dot ) 10 Qf 8.7 
Oct 9 
tht 
954 
a 1.6 12.6 9.9 9.2 71 
Applications of t t 15 Ib./100 sq. ft. of plot surface. Straw was removed from 
plots Ay , 19 
San, ila a tre 
Ine ‘ r about Vear in glass th bags on the ground surtace Inocu- 
lum colleete x < ind stored 10 in. deep in outdoor bins ne part illed “1954 
weathere \ ot there s protected f1 ra 
14 f spore i 6-14 ivs t sed to cover seed 
lo f repa 60 davs before use . 
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more effective than snow in inducing dwarf bunt. The 
plots were bare of snow for various periods, which 
mav have reduced the effectiveness of the snow cover 
In fact. from December 3 to December 27. 1954. snow 
depth was 2.5 in. in the open, and 4-10 in. on plots 
with snow fences. Daytime temperatures of 37-50°F 
the last 5 days of December removed the snow, and 
the plots were bare until January 13. 1955. Then. 
until about February 21]. the snow depth was 2-3 in 
en unfenced plots and 4-7 in. on fenced plots. Warmer 
davtime temperatures began on February 20. and 
within 2 days all snow had disappeared from un 
9 


fenced plots, and melted to 3 in. on fenced plots. 


These deposits melted away by February 28. and after 
this date there were no appreciable deposits of snow 
on the plots 

Data in Table 1 show that the over-all incidence 
of dwarf bunt was higher in some plots that received 


some that re 


“heavy” applications of straw than i 
ceived “light” 
probably not significant. The difference in dates of 


applications, but the differences are 
straw application (December 3 and 27) appears not 
to have affected the incidences of dwarf bunt: the 
intervening period was apparently not critical for 
establishment of the pathogen in wheat plants in the 
1954-55 experiment 

The incidence of dwarf bunt was definitely influ 
enced by the l-week difference in planting date 
(Table 1). With few exceptions. and regardless of 
cover treatments or inoculum treatments. incidences 
were higher in October 1 plantings than in October 


Oo 
o 


plantings 

Finally. the data in Table 1 clearly show that the 
incidence of dwarf bunt was influenced by the amount 
of inoculum in the soil and by the weathering of the 
infested soil before it was used to cover seed. Soil 
infested with 100 
dwarf bunt as did soil infested with 14 g/bu. The 


g/bu. produced 3-10 times as much 


effectiveness of the 14-g¢ dosage was probably also 
reduced by the one-vear weathering treatment. to 
which the spores were subjected. Soil infested with 
inoculum and stored 52-60 davs was definitely more 
effective if protected from rain instead of being ex 
posed. These differences are shown even by the data 
obtained from check plots. It is clear that the weather 
and factors in the soil environment mav_ together 
effectively reduce the disease-producing potential of 
soil-borne inoculum, even within a 2-month period. 
Higher incidences of dwarf bunt have been ob 
served in wheat in dead-furrows than in nearby plants. 
Therefore. an experiment was performed to obtain 
Additional 


information was sought about the effect of varving 


more information about this phenomenon. 


the inoculum load in soil. Wheat was sown in “basin” 
plantings and in “regular” plantings. Both types re 
ceived winter coverings of straw. and plots of both 
tvpes were left uncovered, as checks. Data show that 
the incidences of dwarf bunt were consistently higher 
in the “basin” plantings than in the “regular” plant 


Ings especially in straw-covered plots though the 
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ABLE 2.--Effect of straw cover. planting treatments and 
spore oad of the soul on the in ide nce f 


nm winter tu heat. 1955 


Inoculum/bu. Per cent of tillers affected 

of covering Plots covered with straw No covet 
a | ] 4 
soil (g) Basin Regular Basin Regular 

33 14.0 938 7.0 1.8 
5.2 298.0 6.4 25.0 55 52 48 3.2 

14 ’ Ss , »f j ’ 

66 1) 8 15.9 7.0 3.2 
71.0 65.3 43.0 41.2 13.0 90 9.7 75 

2.2 16.9 6.8 7 

100 18.1 1.8 21.0 i) 
4.2 47.4 1.2 35.2 em ae, 8 6.9 

12.5 w5 7.1 LS 


Infested soil prepared Aug. 20, 1955, and protected from 
rain until it was used to cover seed. Oct. 3, 1955 


Percentage for each of 3 plots, and average of plots 

“Heavy” applications of straw on Dee. 2, 1955 removed 
Apr. 1, 1956. 

Seeds planted at about 2-in. depth and covered with in 
fested soil. “Basin” plots consisted of plantings of seed in 
depressions in the ground surface that resembled dead- 


furrows, “Regular” plots consisted of plantings n soil at 


horm il ground levels 


’ 


trend was similar in uncovered plots (Table 2 

The load of inoculum in the soil was also of sig- 
nificance. Soil dosed with 66 g. of inoculum per bu. 
produced about twice the incidence of dwart bunt as 
soil containing 33 g/bu. With one exception, soil 
dosed with 100 g of inoculum per bu. failed to equal 
or surpass the soil with 66 g. which suggests that 
little if anything is to be gained by doses of inoculum 
greater than 66 g. 

The repeated demonstrations that winter verings 
of straw induce development of dwarf bunt in wheat 
under New York conditions led to experiments in 1956 
to determine the opportune times for applying and 
Methods of planting seed and of 


ipplying infested soil were studied in’ conjunction 


removing straw 


with straw treatments. Materials and procedures were 
as already described except that straw applic itions on 
October 9. 1956. were made before the seedlings 
emerged, and were necessarily “light” to permit young 
plants to push through the straw without injut The 
quantity of straw applied did not completely cover, 
and exclude light from. the ground surfas though 
it was sufficient to retard evaporation of motsture 
from the soil. Straw applied before seedlings emerged 
did not increase the incidence of dwarf bunt above 
that in uncovered check plots (Table 3). In fact. the 
incidences of dwarf bunt were consistently lower than 
those of the check plots unless this early straw 
covering was removed about 1 month after applica- 
tion. Then the incidences were about equal to those 
in the check plots 

In plots covered with straw on December 1. 1956, 
the incidence of dwarf bunt ranged from 16 to 41 
per cent (Table 3 10-15 times as great as in the 


check plots 


{ 


Removal of straw from some plots on 
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January 4, from ot! Kel iry ind from 2-day difference in date of seeding. Development of 
others on April , ? I led In average per dwarf bunt appears distinctly better in the October 6 
centages of dwart 1.0, and 24.0, re planting. though the difference may not be significant. 
spectively. Average incide the second group Results from this planting indicate that inoculum does 
of plots were consistent her thar the other 2 not need to be placed in contact with the seed at 


planting time; in this treatment. seed was first coy- 


Prous - 





Some differences in dwar t development appear ered | in. deep with non-infested soil, which was fol- 
to be correlated with met! f plant ind of lowed 2 days later with a top dressing of infested soil, 
applying infested Since not all plant Comparison of the data for the October 3. plantings 
ings could be made the lav. direct comparison reveals small differences. mostly in favor of the non- 
of each treatment with eact the others not pos packed soil treatment. but these differences are con- 
sible Comparison of the 1 ts from the 2 “heavy” sidered insignificant. 
straw-covered plantings October 5 show that the DISCUSSION Coverings of straw applied at the 
average incidence of dwarf bunt was consistently proper time on field plots of winter wheat growing in 
higher in plantin ‘i m leep than in these 2 in infested soil have consistently induced much more 
deep. Direct comparison of tl plantings of October 6 dwarf bunt than that which deve loped in wheat not 
and & seems justifiable be oculum was applied covered. Straw applications in December have re. 
to the plots on the d there was only a peatedl|y heen effective in inducing disease develop- 

\! bth ferent dates. and of different methods of planting on the 


(0) 


1¢ 
Lv0 


) () 


Per cent of tillers affected 


ipplied Dec. | Straw applied Oct. 9 
wed as indicated No removed as indicated" 
Feb. 2 Apr. 19 stray Not No ) Dec. 3 
195, 1957 (check) removed 1956 1956 
22.0 17.3 1.6 1.0 5.4 0.2 
12.0 10.0 0.0 ().2 O.0 O95 
28.8 3.0 5 | 0.0 0) 0 
1.0 16 ) 1.6 O.4 >.) 1.0 
2 HO 0.0 0.0 1.0 0.0 
1O.4 11.0 54 0.0 2) 1.0 
9.0 20.0 Be, 1.0 0) 0.0 
+ A 50.0 20 0.3 2.4 03 
57.0 16.0 0.0 0.0 0.0 0.0 
9 2 S21 0.0 fT) 0.0 0.0 
LL.0 24.0 17 0.0 1.4 0.0 
Hi. 25.0 > 0.3 14 O0 
1.0 27.0 , 3 0.0 20 »0 
19.2 24,2 2.1 0.3 * 0.0 
1S 5.0 6.0 0.0 10 1.0 
x00 26.0 LO 0.] 0) 1.0 
1.0 15.0 1.6 Oo Ov OO 
23.1 2) 0 i. OO 0.0 Oo.0 
1.) 27.0 2.0 3 0.4 1.0 
295 21.0 0 0.8 0). 0.3 
18.0 20.3 3 0 1.6 0.0 
y ? 14.0 7 2() 10 »0 
LL0O 7.0 10 O.0 LO 0.6 
| 1.0 0 1.0 | 0.8 

1.0 94.0 9 0.4 22 05 

moeculu 1dded/bu. of soil ind the infested soil protected 


of 
r 6 
int, 
oes 

at 
Ov. 
fol. 
oil, 
ngs 
on- 


on- 


ted 
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ment. In contrast. coverings of straw applied immedi 
ately after seeding, in early October. have not induced 
development of dwart bunt: prevalences of the dis 
ease in plots of the latter type have been similar to 
these in plots of wheat not covered with straw. Dewey 
(4) compared the effects of straw coverings applied 
on wheat in December with the effects of coverings 
applied in March; the former induced development 
ef dwarf bunt. but the latter had no appreciable 
influence on the disease Experience shows so far, 
therefore, that early winter applications of straw 
favor development of dwarf bunt in winter wheat, 
whereas early autumn and early spring applications 
have little or no effect. 

Deposits of snow caused to lodge on winter wheat 
also induced development of dwarf bunt. but the 
disease was not as prevalent as that induced by 
December applications of straw (Table 1). The re- 
sults support the belief. expressed earlier by the 
writers (18 that heavy and persistent deposits of 
snow tend to induce development of dwarf bunt 
Sachs noted in Germany. in 1954. that dwarf bunt 
occurred only in sheltered locations with persistent 
<now cover (16 

How long straw cover is necessary to induce dwarf 
hunt is not definitely known. Certain data herein 
show that straw coverings in place during the winter 
months (December February) induce disease devel 
opment. Dewey con luded that “straw cover produces 
its greatest effect during the winter months when 
plants are relatively dormant” (4). Conceivably. the 
essential period might vary from year to year with 
variations in the weather. In plots at Ithaca. New 
York. where selected lines of wheat are tested for 
reaction to 7. contraversa, the straw is left on the 
plants until about April 1: this procedure has re 
sulted in satisfactory screening tests despite vearly 


variations in the weather. 


Winter coverings of straw retard. and inhibit to 
some extent. the growth of winter wheat if allowed to 
remain on the plants until late winter or early spring 

18 Similar effects on wheat have been noted where 
heavy deposits of snow were lodged Since hich 
prevalence of dwarf-bunted tillers has been consis 
tently associated with retarded and inhibited responses 
of plants to straw and heavy snow cover. it appeared 
that such responses might have predisposed the plants 
to the disease This apparent relationship between 


growth of wheat and prevalence of dwarf bunt was 


nvestigated by Dewey (4). He retarded the growth 
1 wheat plants by treating some with maleic hvdra 
zlde. clipping the tops of others. and covering others 
with straw. The retarding effects of maleic hydrazide 


ind clipping treatments on the growth of wheat did 


not induce development of dwarf bunt: in fact. one 
of the maleic hydrazide treatments appeared to sup 
press the disease. In contrast. coverings of straw in 
duced up to 33 per cent dwarf-bunted tillers. Dewey 


stated that the “treatments used in an effort to simu 


late the growth retarding effects of straw cover mivht 
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differ in their mode of action from that of straw and 
that conclusions about the role that retarded growth 
plays in dwarf bunt development cannot be made on 
the basis of these ‘his! results.” 

Data obtained over a period of 4 years (not tabu- 
lated in this paper) show that straw cover applied 
on plants in December and not removed until early 
\pril results in about 16 per cent fewer tillers in 
covered plots than in non-covered plots. Straw  re- 
duces tillering in wheat, both in the presence and in 
the absence of the pathogen in the soil. Straw cover 
also suppresses the height of wheat culms and length 
ens the period needed for maturation. This suggests 
that protective cover delays development of | tiller 
initials or slows their rate of development, or both: 
consequently, protective cover may cause the plants 
to provide tissues susceptible to attack over a longer 
period. Thus, whereas tiller formation is somewhat 
inhibited by straw cover, the slower rate of growth 
of those which are formed probably lengthens the 
period of vulnerability of plants to attack. This sug 
gests that T. 
wheat during the winter months if the environment is 
Actually. this 


is possible: infection of winter wheat by 7. contra 


contraversa might establish itself in 
favorable for growth of the pathogen. 


versa has been obtained in Germany following inocu 
lation in November, December. January. and even as 
late as mid-Mareh (2. 3. 15) 


indicate that. in this experiment. some critical stage 


Results in Table 3 


in the development of dwarf bunt was in progress 
during January and February. and that coverings of 
straw helped to provide an environment favorable for 
the infective activities of the pathogen. The highest 
percentages ot diseased tillers occurred in plots cCOV- 
ered with straw from December 1 to February 25. 
On the other hand. dwarf bunt was depressed some 
what by removing the straw on January 4 or allowing 
it to remain on the plots until April 19. The reasons 
for such results are not apparent, but examination of 
climatological records suggests that temperature in 
the micro-environment of the plants could have been 
one of the critical factors affected by straw cover 
Reports from widely separated areas seem to indi 
cate that high soil moisture and cool soil temperatures 
favor development of dwarf bunt in winter wheat. In 
the United States in the Pacific Northwest, however. 


dwarf bunt has been observed in both the irrigated 


and drv-farming areas. and it is believed that the 
pathogen Is adapted to a variety of soil Ivpes and 
Warmbrunn 


19) noted that dwarf bunt was most prevalent at 


soil-moisture levels (9) In Germany 


higher elevations. where cool temperatures prevailed 
ind there was heavy precipitation. Niemann (14), 
in Germany. obtained the highest percentages of 
dwarf bunt at temperatures of 0-10°C and soil-mois 
ture levels of 60 per cent of saturation 

Data accumulated from plots not covered with 
straw during the winter wheat seasons of 1953 to 1957 
show that there were about twice as many dwarf 
bunted tillers in 1954-55 and 1955-56 as in 1953-54 
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and 1956-57. Records for t month period October 
December for the area ow totals of 10.0 and 11.5 in. 
of rainfall, respectively, for the first pair of seasons, 
but only 5.0 and 6.5 in re ectively, for the second 
palr ot seasons Winter nov over was heavier and 
more persistent in the se y when dwart bunt was 
more prevalent thar t w i the seasons of lower 
prevalence. Though not co isive, the relationship 
just described seems to emphasize the importance of 


soil moisture in relation to dwarf bunt 


Results from certain experimental plantings in the 
dwarf bunt nursery at Ithaca also suggest a close rela- 
tionship of soil moisture to development of the dis- 
ease. Inspection of “basir ind “regular” plantings 
at intervals during autumi nd early winter some 


times revealed the presence of standing water in the 


“basin” plantings. The prevalence of tillers affected 
by dwarf bunt was 30-40 per cent higher in “basin” 
than in “regular” plantins lable 2 It appears 
that excessive surface water. which at times accumu 
lated in the low-lying poorly draining “basin” plots. 
in some way favored the activities of the pathogen 


and or predisposed the plants to attack The in 


creased incidences of dwart bunt in wheat on com 


pacted soils (4, 9) might have been induced partly 
by high soil moisture resulting from slow drainage 
and accumulation of exce water in surface depres 
sions formed during comy tion of the = soil (Lom 


paction of soil as described herein. however. did not 


influence the deve lopme nt of dwarf bunt (Table >} 


Shallow planting ot whe infested soil favors 
development of dwarf bunt i]. tsi Moreover. in 
oculum on the ground surface 1. 2. 3. 15) or mixed 
with soil at the surface Table 3) has high disease 
producing potential In Germany. dwarf bunt was 
induced by applying inox im on plots of established 
plants during autumn and winter months ae, a Oe 


In New York. De wey | inoculated plants ranging 


from 2 to 21 days old and obtained infection in some 
plants of all ige group the results from Germany 
show. however. that older plants can be ittacked 


Probably. as Dewey sus 


gain ingress into older | 


cted. the pathogen may 
through voung. later 
formed tillers if weather factor ire favorable for its 


activities. [ti likely theretore that coverings of 


straw or snow help protect the more or less exposed 
inoculum from unfavorable extremes of weather and 
provide an environment favorable for attack over a 
protracted period 

Observations in the P fie Northwest up to 1949 
led to the suggestion that / ntraversa m 


Vy persist 
in the soil “at least 4 and possibly as long as 7 vears” 
(9). Since then, however. the fungus has been found 
on spec ies in & genera of the Gramineae . 6. 8 

Plants ot suse eptible species nT ight theretore. te nd to 
perpetuate the fungus in the soil in the absence of 
wheat, complicatir the problem of determining its 
true ability to survive in the soil It was reported in 
1953, however. that some spores of 7. cont rsa sur 


vived 5 vears in an outdoor environment on the soil 


(17). Recent attempts to germinate spores that have 
weathered outdoors on the ground since August, 1947, 
reveal that some can survive at least 10 vears under 
the conditions imposed on them. Nevertheless it ap- 
pears probable that the viability of much of the soil. 
harbored inoculum diminishes rapidly. The latter js 
supported by data in Table 1. concerning the inei- 
dences of dwarf bunt caused by 1954-collected inocu. 
lum. The only difference between the infested batches 
of soil labeled “1954 weathered” and “1954 not weath. 
ered” was the intermittent wetting of one batch by 
rain; soil moisture appears to have been the factor 
responsible for lowering the disease-producing poten. 
tial of the exposed infested soil while it was in stor. 
age. Water is essential in the process of spore germi- 
nation, and a dry soil would not provide an environ. 
ment favorable for germination of 7. contraversa 
spores. Thus, the disease-producing potential of dry 
infested soil is maintained while that of moist infested 
soil is reduced: the wetted spores germinate and 
exhaust themselves. Moreover, moist soils tend to 
encourage the active processes of microflora in the 
soil, and there is some evidence that soil microflora 
may stimulate spores of 7. contraversa to germinate 
(7). Reduction of the load of viable spores harbored 
by the soil would tend to depress the disease-produe- 
ing potential of infested soil; this is clearly indicated 
by certain data in Tables 1 and 2. which show that 
the incidences of dwarf bunt in winter wheat were 
related to the load of inoculum in the soil. 

Results given in this paper. and some of those re. 
ported by others working in widely separated regions, 
point to a relationship between climatological factors 
and the development of dwarf bunt. The influence of 
such variable factors as precipitation, snow cover, 
temperature, light. ete.. together with farming prae- 
tices that are considered highly important by Holton, 
Kendrick. and Meiners (10). may control the more 


or less evelic rise and fall of dwarf bunt 
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EXPERIMENTS FOR THE CONTROL OF THE 


SOYBEAN CYST NEMATODE, HETERODERA GLYCINES' 
B. . & kndo and J. N. Sasse! . 


SUMMARY 


Several soil fumigants were evaluated for con- 
trol of the nematode, Heterodera 
glycines Ichinohe. Treating infested soil with D-D 
at 40 and 60 gal./A.. Telone at 40 gal./A.. Nema- 
gon at 5 gal./A.. and methyl bromide at 1, 2. and 
3 Ibs./100 sq. ft increased plant growth and _ soy- 


sovbean cvst 


Root nodulation in infested soil was 
increased by treatment with nematocides. Although 
nematode populations greatly reduced by 
fumigation, these differences were no longer sig- 
nificant at harvest time, indicating a rapid build-up 
of the nematode during the growing season. 


bean yield. 


were 





The soybean cyst nematode, Heterodera_ glycines 
1952. North 


Carolina and the United States in 1955 (9). It was 


Ichinohe was reported in southeastern 


previously reported in Japan, Korea, and Manchuria 


(3). where it causes a severe disease of soybean 


(Glycine max (L.) Merr.) known as “yellow dwarf.” 
Since its initial discovery in North Carolina, it has 


Missouri, Arkansas. Ken- 


tucky, and Mississippi. The disease is very destruc- 


been found in Tennessee, 


tive in restricted areas in North Carolina. 


The parasitism, morphology, and ecology of the 


soybean cyst nematode in Japan have been studied by 
Hirschmann (2) 


Ichinohe (3, 4). made comparative 


morphological studies of the soybean cyst nematode 
in North Carolina and the clover cyst nematode, H. 
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Diseases), North Carolina 


trifolii Goffart 1932. a closely related 


occurring in that 


spec ies also 
state. Various biological aspects, 
including host range, life cycle, and effects of desicca- 
tion on cyst contents, were reported by Skotland (7). 
Chemical treatments of bulbs and corms that harbor 
the cyst nematode as contaminants were reported by 
Winstead and Skotland (8). The primary purpose of 
this investigation was to study the effectiveness of 
several soil fumigants on control of the nematode in 
the field. 

MATERIALS AND 


{ preliminary report has been given (1). 

Dowfume W-85 (83% 

(1.3-dichloropropene; 1,2 
(95% 1,3-dichloropro- 


METHODS. 
1.2-dibromoethane), D-D 
dichloropropane), Telone 
penes), Nemagon (1,2-dibromo-3-chloropropane), and 
methyl bromide were applied to soil heavily infested 
with the soybean cyst nematode about 1 month before 
Rates used were: Dowfume 
D-D, 20, 40, and 60 


soybeans were planted. 


W-85, 414, 9, and 13% gal./A.; 


gal./A.: Telone, 20 and 40 gal./A.; Nemagon, 3 and 
5 gal./A.; methyl bromide, 1, 2. and 3 lb./100 sq. ft. 


Dowfume W-85, D-D, and Telone were applied with 
a MacLean Fumigun. The soil of the plots was first 
cross-marked to a 12-in. grid. and injections, at a 6-in. 
depth, were made at the intersections and half-way 
between intersections in alternate rows of the grid. 
Granular Nemagon (10°) active ingredient was dis- 











HY Tol 


tributed over ind mixed with 


the upper 6 roto-tiller Methyl 


bromide ga Wa plied yolvett ene cover. 
Each treatment wa | time ind untreated 
plots were included he experimental de 
sign was a randor l th nlots 20 x 20 ft 
each separated | 1 4ft vay seeded to fescue 
Fight rows of sé f riet were planted 
in each plot l ior 

The initial field test 1956. were repe ited 
in 1957 with the plot iterial nd rates 
except that met! ) excluded 

Soybean cyst nematod ry a ae ie 
1956 were determined | f nh plot before tumigation 


(April 21) and on the fi ving dates: May 28. June 
13, August 14, and A Nematode populations 


were also determined 1) ber 18. and in 1957 
on July 31 and October Population studies were 
based on larval emer { olated trom 
the soil. Soil sampl taken with sampling 
tube to a depth of ¢ 9 random locations in 
each plot on eacl pl late The composite 
sample was mixed in tl tory. and a pint 
subsample, for the pop ti tudy. was thoroughly 
mixed in a 10-qt t ot water The mixture 
was poured throug! I leve nested in an 
80-mesh_ sieve ( I i lebris collected on the 
80-mesh sieve were ngle laver of Scot 
ties tissue supported f[ imimum scree! in a 
Baermann funnel cont enough water to cover 
the evsts After | | thie nematodes that had 
emerged from the « t vere drawn off and counted 

One month after the sovbe were sown. a “white 
cyst” index was obtained ligging 10 plants at 
random from the outer 4 roy if each plot and deter 
mining the number of whit t ittached to the 
roots Fig. IB \ rite l index was computed 
from the number of plant ich of the following 
classes () ! tect trace - light: 
, moderate | I if t¢ neavy severe 
infection. 

\ “nodulation if i mputed tor the above 
plants from the follown Lui 0) no nodu- 
lation (Fig. 1A. right oht . moderate 
3 heavy (Fi | A 

Bean vield was obt r the center 4 rows of 


each plot at harve 
“White evst” indey tion index ind vield 


data were recorded for | l t in both vears 
EXPERIMENTAL |} dat n Table indicate 
the numbers of lat t DT 1 at different dates of 
sampling. Before fur tion there were differ 
ences between the pilot pop ilations No viable 


larvae were reco methvl-bromide-treated 


plots 95 davs after fumi tol Nematodes were found 
in these plots in later mpiling but fewer than in 
untreated plots Dow W-85 was ineffective in 

“White cyst i Ise tr paper eans the living 
adult female: not tl tr t. whicl f ed from 


the body of the " fer 
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hic ] The effect of fumigation on nodulation and 


nematode control 1 month after planting \) Left: soy- 
bean plants from methyl-bromide-treated soil; note abun 
dant root nodulation. Right: severely infected soybean 
plants from untreated control: note absence of nitrogen 


" 


nodules. B) Highly magnified section of nematode-infected 


soybean roots showing white cysts and attached egg masses 


reducing nematode numbers at all sampling dates 
after fumigation. D-D and Telone varied in effective- 
ness with the rates used. No viable larvae were. re- 
covered for D-D-treated plots 25 days after fumiga- 
tion at the 40 and 60 gal./A. rates. and only 2 larvae 
at the 20 gal./A. rate. Later in the season, nematodes 
were found in all D-D treated plots. with the lowest 
numbers at 60 gal./A. Nemagon 


ineffective. whereas at 5. gal./A. 


at 3 gal./A. ap- 
peared nematode 


numbers were reduced initially and remained low 
throughout the growing period. Similarly. Telone at 
20 gal.’ A. was ineffective although Telone at 40 gal. 
\. resulted in no viable larvae 25 davs after fumiga- 
tion. Later in the season, nematodes were present in 
plots treated with Telone at 40° gal./A.. but fewer 
than in plots treated at 20 gal./A. At the end of the 
growing season population levels remained low, but 
not significantly lower than in untreated plots. 
Methyl bromide at 3 |b./100 sq. ft. 
siderable stunting of soybean plants in the center of 


the plots. 


( aused con- 


There was no evidence of fumigant toxicity 
from the other treatments. 
The “white cyst” index was greatly reduced by 


many of the treatments (Table 2). All treatments had 
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smaller indices than the control, except lelone at PanLe 2 Vean “white cyst” index and nodule index” for 
© cf . . eactk treat er j > a — abe = BA nll 
%”) gal./A. and Dowfume W-85 at 13.5 gal./A. Similar , iment about | onth after planting, and 
a wait . . . mear t d ) sovoeans 1056 
low indices were obtained with methyl bromide at " 
; Ib./100 sq. ft.. Telone at 40 gal./A.. 
l. y & and Pa | : Fu igant Cal./acre Wh ite cyst Nod ilation Yield(g) 
Nemagon at 5 gal./A.. and D-D at 40 and 60 gal./A 
[reatinents that altered nematode pop ilations and DI <V =O =-0%4 2281 
" Iso altered julation (Table 2-P W 0.07 2.93 299) 
“white evst index also altered root nodulation (Ta nie D-D 60) nnn 00 3493 
) Nodulation was inversely correlated with “white — Powfume W-83 15 1.67 > 00 1299 
evst”” index. Dowfume W-85 9g 2.33 1.80 9378 
Nematoc« ide treatments that were effective also in- +e vfume W-85 13.5 LOO 173 1453 
; : emagon } | 7 a7 799 
creased the vield of threshed beans (Table 2). Yields ~ meade 172 
; Nemagon ) 0.40 00 9943 
for all treatments were better than in the untreated lelone e 193 93 1397 
check. except for Telone at 20 gal./A.. and Dowfume Telon 10 0.4 267 2554 
W-85 at 4.5 and 13.5 gal./A. a bromide 1 Ib." 0.0 2.73 2609 
, ethyl b de 2 lb 0 , 210 
The effect of H. glycines on soybean plant growth | bromid = v 00 2318 
; Methyl! bromide > Ib. 0.0 2? 97 1733 
was noted early in the growing season. Soybeans — , ated eae 167 1 60 30 
rowing In untreated plots ind in plots where the LSD 1] 1.99 1.03 1159 
fumigant was not effective were noticeably stunted ) 0.95 0.76 857 
= ind chlorotic within 2 weeks of emergence. in con- 
| lati Mean white cyst index based on 3 replicates of 10 
trast with plants in p ots where nematode populations — plants each. Individual ee uae Sanne: we 59 
" were reduced. The differences became more pro- tion: | trace: 2 light: 3 noderate: 4 moderate 
nounced later in the growing season. Fig. 2 shows heavy: and 5 severe infection 
rrowth differe nee. 6 weeks atter planting, between a Mean nodulation index based on 3 re plicates of 10 plants 
~ - eacl idivid ts were ed ] . 
control plot and a plot treated with Nemagon at 5 ach Individual plants were rated: 0 no nodulations; 
| slight: 2 moderate: 3 heavy nodulation 
gal. /A. ; = Mean of 3 replicates harvested from 200 sq. ft. in each 
Before fumigation in 1957, nematode - populations treatenent: plat 
treatme Not, 
~~ in the soil were similar for all plots (according to Per 100 sq. ft. 
soil samples taken on December 18. 1956). On July 
31 (about 2!'5 months after fumigation). there were 
. population differences between untreated plots and 
and ill fumigant treatments. By October 31. 1957, how- 
od ever nematode populations were again similar in all 
Dun 
bean the treated plots 
ogen The 1957 “white evst” index was lower for all 
-cted 
sses 
PARLE {rerage arva emergence trom ySsts tsolated 
from one-half pint of soil collected from each treat 
lates ent plot both betore fumigation and during the 
tive- growing seasor 1956 
re- 
iga- Soil sa npling dates 
rvae April May June Aug \ug 
des Fumigants Gal./Acre 21 16 13 2 28 
west D-D 1) 193 2 ri 833 5.539 
ap- D-D 4) v4 2 0 () 1.025 
D-D 60 3] 0 ] if 168 
rode ™ = ro mage 
| Dowfume W-8 15 12 35 6 101 1543 
ow Dowfume W-85 90 74 9 115 74 2,248 
> at Dowfume W-8 13.5 12 3 86 35 910 
al. Nemagon 3.0 7924 7 230 2,620 
iga- Ne ig 7.0 28 7 BY 543 
af I f 20.0 174 14 8 975 2.455 
t in Telone 10.0 17 0 } 2 552 
wel Methyl bromid lib a7 0 0) ) 80 
the Methyl bromide J Ih 3 0 QY 216 175 NEMAGON SGAL 
but Methyl bromide 3 Ib 103 0 0 0) | 
Control None 89 1) 218 905 1,249 
LSD ] NS” 38.8 NS NS 1948 
= 1 28.7 | | 1440 
ot 
. Sampled before fumizgatio 
rity amy imigation, 
Non-significant when based on analysis of variance. How- 
ever, significant differences were found when the analysis Fic. 2. A) Soybeans growing in untreated plot; B) soy- 
by was based on data transformed to logarithms beans growing in plot treated with Nemagon at 5 gal. per 
had Per 100 sq. ft cre. (Picture taken July 3, 1956, 6 weeks after planting.) 
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fumigant treatments. ex 
rate, than for the unt 
as measured by wh 
that in 1956 

In 1957. nitrogen nod 


nificantly lower for all tre 

20 gal./A. rate and EDB 

the untreated cont: 
Fumigation § treatr 

bean yields. 
DISCUSSION 


crease in growth and vield 


soil indicates the destruct 


cyst nematode. In. cont 
where the fumigants wert 
and chlorosis ippe ired 


made poor growth throug! 
high nematode populatio 


ple assays during thie 


“white cyst’ index 
associated with poor pla 
lation differences betwee 
became reversed toward th 


Where nematode 


reduced early in the st 


season. 


higher than in untreate 
severely attacked early 
to develop root svsten 


nematode multiplication 


vided abundant food throug 
for reproduction by nem 
fumigation. 

The lower yield of be 


methyl bromide at 3 |b 
due to fumigant injury 

Poor 
the nematode was re porter 
Asai (5). but the factors 
stood. 
root systems early in. the 
with the invasion of root 


of nitrogen-fixing bacteria 


AND CONCI 


onth atter 


nodulation on plant 


It may be that massi 
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ept D-D at the 20 gal./A. 


1 plots Degree ot control 


index was similar to 


the roots was sig- 
nents. except D-D at the 
oD fg il \ rate 


than for 


resulted in greater 


SIONS The striking In 

of soybeans in fumigated 

ve potential of the sovbean 
plots and in those plots 

ineflective plant stunting 

irly ind affected plants 
the season In general. 


measured by soil sam 
ng eason and by the 
planting were 


rowth and color Popu 


treated and untreated plots 


erowing 


latter part of the 


populations had been greatly 


late-season levels were 


ots (pparently, plants 
the growing season failed 
dequate to support rapid 


vhereas treated plants pro- 


hout the growing season 


itodes that had survived 


mn plots treated with 
WD sq. tt. was undoubtedly 
severely infected with 


pre viously by le hinohe and 
re sponsible are not under- 
ve larval invasion of young 
interferes 


growing season 


irs and the establishment 
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These tests indicate that a substantial increase jy 
growth and yield can be obtained with the highe; 
tor Dowfume 
Experiments on the control of another eyg 
Heterodera 


rates of the fumigants tested, except 
W-85. 
form, rostochiensis (6), have indicated 
that ethylene dibromide formulations are not effective 
against this pest. 

Eradication of the soybean cyst nematode in the 
field appears improbable with the fumigants used jp 


these studies. A combination of fumigation and rota. 


tion may keep the nematode under control and greatly 
reduce the chances of its becoming widely spread. 
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“DEEP PLOWING” 


FOR CONTROLLING VERTICILLIUM WILT OF 


MINT IN MUCK SOILS! 


Ralph J. Green, Jr. 


SUMMARY 


Studies of the vertical distribution and inoculum 
potential of Verticilliium albo-atrum var. menthae 


revealed that, in muck soils, this pathogen was 
absent below 12-18 in., or present only in very 


low concentration. A soil inversion technique was 
developed whereby the upper 12-14 in. of topsoil 


was dropped into the previous plow furrow before 


the remainder of the soil was turned to a depth of 


28-32 in. Wilt incidence the first year after plow- 
ing was reduced from 57.2% to 4.0%, and the 
second year from 85° to 10.2°%. Weed control, 
soil moisture retention, and resistance to wind 


erosion were also benefited. 





(Mentha 
and V 


on the muck soils 


INtRODUCTION.—Peppermint piperita L..) 


and spearmint (M. spicata Px. cardiaca LL.) in 


the midwest are grown exclusively 


of northern Indiana. Michigan, and southern Wiscon- 
sin. Production of these crops for their essential oil 
requires considerable investment in labor, machinery, 


and equipment. Planting and much of the weeding 


are done by hand. and recovering the oil requires 


special distillation equipment. 


Production of peppermint and spearmint in most 


of the older mint-producing areas of the midwest is 
limited by Verticillium wilt. incited by Verticillium 
albo Reinke & Berth. var. menthae Nelson. 


affected areas are now withdrawing heavily 
seeking 


mints are 


(,rowe tT It 


fields from production and unin 


But. 


pathogen 


infested 
teste d acreaue 
tively the 


since the propagated 


vegeta has spread rapidly on 


propagative rhizomes with the migration of the  in- 


dustry 

Progres- toward control through genetic resistance 
of the host or through the use of chemical soil 
amendments has been slow. Although highly resistant 
mints exist. the problems of oil quality and. in par- 
ticular. the genetic complexity ot peppermint make 


difheult the development of a commercially acceptable 


hybrid. Until suitable wilt-resistant hybrids or prac- 
tical control procedures are available, certain cultural 
practices can reduce the disease in established plant- 
ings. 

Little is known concerning the survival of V. albo- 
atrun nenthae in muck soils or its vertical dis- 
tribution in soil strata. Wilhelm.* studying various 
mineral soils in California, found V. albo-atrum to 
depths of 36 in. The heaviest infestation was con- 
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Phytopathology 


) 


centrated in the upper 0-12 in 
of muck 
type. 

The 


distribution of V. 


The different genesis 


soils warrants a similar study for this soil 


studies reported herein concern the vertical 


albo-atrum var. menthae in the 
various strata of muck soils and the application of 


this information to developing a cultural practice for 


the control of Verticillium wilt of peppermint and 
spearmint. 

Metuops ANp procepurre.—In April, 1955, soil 
samples were taken on different farms from 6 fields 


known to be heavily infested with V. albo-atrum var. 


menthae. Three samples were taken at random from 
field in the 
were taken at 6-in. intervals from one side of 
24 in. wide. 6 ft. 


irom ea¢ h stratum were bulked and thoroughly mixed 


each following manner. Soil samples 


a trench 
The samples 


long. and 36 in. deep. 


in the greenhouse. and sufficient soil was taken from 
each bulk sample to fill 2 
s0 12 8 in.. 


tings of susceptible peppermint 


ear h 
Fifteen cut- 


metal soil trays, 
equipped with drains. 
plants were planted 


in each soil tray. 


After 65 days. the test plants were lifted, green 
weights were recorded, and stem sections were In- 
dexed for the pathogen in the laboratory. The pepper- 
mint plant produces numerous aerial shoots from 
stolons growing on or below the soil surface. A shoot 


with an independent root system was considered a 


separate plant. Stem sections from each plant were 
minutes in 1° sodium hypo- 
plated directly to 


Readings were made after 7 


surface-sterilized for 5 
modified 
10 days 


chlorite (Clorox) and 
Czapek’s agar. 
of incubation. 

Since the pathogen proved absent below 12-18 in., 
or present only at very low intensities, and since the 
subsoil supported vigorous plant growth, it appeared 
feasible to develop a plowing technique whereby the 
infested topsoils could be replaced with the 
Although muck 
cantly in depth, type of subsoil, ete., 
type soil of the Midwest has a friable, black, partially 


oxidized topsoil 10-16 in. deep and a subsoil of vir- 


heavily 


wilt-free subsoils. soils vary signifi- 


the typical muck- 


tually undecomposed peats that may contain deposits 
(marl), 
the 


clays, sand, crustacean deposits 


stratum at 12-18 in. marks 


of alluvial 


etc. Thus, the soil 


Ji 


~ 
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lower limits of 


These soils are 


other than plant 


\ “deep plow 


developed in 
vantage of the 
pathogen in 1 
board plow 
plow to the f1 
moldboard (Fig 


12-14 in. of top 


the remainder of 


plow. A large 
ward part ot 
cleanly Sines 


plow depth cal 


The modified plow 


pillar tractor 

are required t 
perienced ope! 
Plowing can be 


when labor and 


In October 19 
University Muck 


dence of Verti 
area ind at 
ment. Two adj 
one 28-30 
plowed” ireda 


attempt was n 


rately during dis! 


\ 5-vear pl il 


peppermint, cor 


replic ited L times 


the entire are 
lie 


It 


plots. at ris 
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HYTOPATHOLOGY Vol. 19 


thie } prohie, 


¢ I take 1d 
he wilt 

»O-11 td 

-1 porter 

{ large 
drops the uppet 
irrow before 

he 36-in. 


ched to the for 
it trie rurrow 


obstacles, the 


1 al ‘ ) in 
I Cater 
of 2 mph 
plete (n ey 
i t Lae | day 
I iw ter 
e le ite 
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The “deep 
( onl No 
plot areas sepa 
reparat , 
tablished. using 


Pat LI ] J ertical distribution of ] . aibo-atrun var. men. 


F P 
buch SOLLS 


No. of No 
Sam] plants Pop wt. (g) infected infected 
O61 1a) UHH > 97.2 
6—12 it i) 9gOR a) 90.0) 
12-18 in 10) 1060 2] 2.5 
18 241n. 1] 1589 0) 0.0 
24 30 in Ww) 1524 0) oo 
10-36 iF 1] 806 2 15 


areas The peppermint plots were planted with dis. 
ease-free rhizomes and maintained in rows the first 
year. These plots were plowed down to 4-6 in. in the 
fall to prevent winter injury, and came up the second 
and subsequent years as meadow mint. 

Disease incidence was determined by plant counts 
in the plots of row mint and by counts and _ visual 
estimations in the second-year meadow mint plots 

Resuits.—The vertical distribution and inoculum 
potential of V. albo-atrum var. menthae in muck soils 
exhibited considerable variation in the = soil strata 
sampled (Table 1). A sharp decline in infection inei- 
dence below 12-18 in. corresponds to the lower limits 
of the partially oxidized topsoil of most of the soils 
sampled. 

It will be noted that, except for the 30°36. in. 
stratum, the non-oxidized subsoils supported vigorous 
plant growth. The relatively poor growth in this sam- 
ple was due to extremely low fertility. and was cor- 
rected by the addition of suitable nutrients. Redue- 
tion in total growth (tep wt.) of plants grown in the 
0-6 in. and 6-12 in. increment samples was the result 
of plant mortality before harvesting for indexing, 
This experiment was repeated several times with 
similar results. Infection incidence below 12-18 in, 


was 0-1.5°,. Since some mixing of soil samples un- 





ittached jointer plow (B), used to “deep plow” muck 
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TABLE 2 R ft ucidence and vile d compared in SOUS soil, and reduced hazard ot wind damage In the 
owed a & in l c spring. Other crops, such as onions, potatoes, and 
: ot corn, are successfully grown on these soils where fer- 
R 6 Row mint 757 Ne \ . 
tility levels are re-established and certain trace-ele- 
Plow c Oil Oi! . ‘. 
‘ 14 — ment defi lencies corres ted. 
lept! Infection Infection yield Infection vield : : 
There are certain disadvantages associated with 
Ib./ A \ “deep plowing” that may discourage this practice, 
_ 9 e= 1 a ¢ se 
6-8 in (2.0 =r Ov -9.9 Since the muck soils of the Midwest vary in depth 
0 1 ( 8.6 24.2 10.2 38.9 , 
6-OV In and subsoil characteristics some areas may be too 
second-vear crop shallow or heterogeneous for plowing at depths of 
LSD at o A TDA 28-32 in. (Careful sampling of the field with a soil 


probe, to determine depth of the organic layer and 


‘ . > s so S ‘ veous ) dis- 
deshiadie eccerved, this wany eccount, in pert, bu nature of the ubse il is advantageous. Other lis 
so dalines OE gine EE Een ae advantages include increased frost hazard and defi- 
the Intec ron Wwidence , o =f { t ic =. = 8 

vs , ciencies of certain trace elements, such as copper, 
[he data presented in Table 2 represent the levels 
, zin and manganese, 

ot dise ase ine ick nce and oil Vie lds Irom ad jac ent . _ , 

“deep plowed” nied conveationntie plowed areas 2? t is not known how long soils plowed to depths of 


; 28-32 in. will remain relatively disease-free It has 
vears after treatments. The reduction in disease inci 
cao 9 oO: been demonstrated that the pathogen will eventually 
dence. from a mean of 57.2% on soils plowed 6-8 in. 
‘“ * reinfest these soils by encroachment Thus, it seems 
deep to 1.0 in deep plowed plots, was accom- 


. probable that the absence of the pathogen from the 
panied by a corresponding increase in oil yields. In nigel Me rec: 
10? dteenes inchdence was ssummwhet biel fa oll subsoils initially is a physical rather than a biological 
, . é 9 ;, shenomenon. There is no evidence that the pathogen 
plots. Most of the increase on deep plowed soils I ; 
ba ae ppas will not colonize the peat-like subsoils or that it is 
was due oOo encroade en oO adiacen areas, appar- 7 : : 
onthe eh result of soil ti insport durin pl wating inhibited, biologically. by the other soil microflora or 
iY , . “ts fauna. 
weeding. and cultivation. No attempt had been made ; r 
sis: nical ee parately Laide Currently. more than 10,000 acres have been “deep 
0 wanaLe t z t= i as Ser < t <Ince as as 
nsidered desirable to know whet! soinfnsiation plowed.” using the equipment and techniques de- 
consideres qgesirab 0 ’ eTnel niesti 0 ‘ 
would oceur. the rate. and whether the inoculum scribed herein. The practice is effective only if the 
level would cz eed the level hefore “dee }) plowing - heavily infested topsoil a first dropped into the ang 
DISCUSSION AND CONCLUSION Che “ea vious furrow before the remainder of the soil is 
s ss] ) s s. sO ersion 
srockuien “deep plowing,” h proven practical fos turned. Incomplete inversion of the soil leaves rem 
ecnnie ae cjt't } may ¢. as ove ] rae ci ia) t 
th ontrol of Verticillium wilt of peppermint and nants of the topsoil within the root zone of the sus- 
t co oO ot e r 0 eppe ane : s 
spearmint on muck soils. The additional costs for ceptible mint plants 


equipment and labor have been offset by increased DEPARTMENT OF BOTANY AND PLANT PATHOLOGY 
vields and certain other cultural advantages. such as Purpbur UNIVERSITY 
weed control, improved moisture retention in the top LAFAYETTE, INDIANA 
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Forestry Terminology. 1958 Revised 3rd_ edition ERDTMAN, G 1958. Pollen and spore morphology 
97p. Published by the Society of American For Plant taxonomy, Volume Il. Almquist and Wick 
esters, \M I]. B iildiz o. Washington 6. 1). ca (Monu sells Sto kholm sweden Distributed by the Ronald 
mental Printing Co., Baltimore. Maryland). Price Press Co. New York. 150 p. Price $8.00 (In Eng- 
$3.50 lish 

This volume eontains concise definition s of I] terms ' 

: nig Volume Il of a 3 volume series. is subtitled An [n- 
commonly tound in writings on forestry. These defi 
troduction to Palynology and deals with pollen and 
nitions are simple and easily understood. Only rarely, 


hol . n th ( VS] s. Pteridophvtes 
} . -<pore morpnology 1 le rVinno rerims. teri tl . 
Is a definitio too brief or too technical to convev the I | : , 
:; ind Bryophvtes. The first section consists entirely of 
meaning ade iatelv to non-toresters In iddition to 


illustrations with « ipl 


ions The later volume will pro- 
the standard torestry terminology. such fields as genet , sa | 
: , ‘ >the t hes¢ ist t < < miler . 
Ics soils I vdrology meteorology. entomology. pathol vide th ext for th illu tration \ uy . I nent con 


ical methods and techniques One by 


Of% statist >. ind wood preservatior are civen ele tains palynolog 

mentary coverage The preface contains an up-to-date B. M. Afzelius is entitled On New Methods in Physical 
list of similar glossaries for allied sciences. Plant Cell Research and their Application in Studies of 
pathologists who follow the forest disease literature Pollen Grains and Spores; the other by J. Radwan 
or who have an active interest in any of the facets of Praglowski is entitled On the Cutting of Ultra-thin 


lorestr 


v will find this book a valuable reference Sections. 








PHY TOPATHOLOGICAL NOTES 


Host-parasite Relationship f the Soybean Cyst of Solanum nigrum L. invaded by larvae of Heterodera 
Nematode in Resistant Sovbean Roots |. P. Ross. rostochiensis Wollenweber. he nevertheless observed 
The histopathology of roots of resistant soybean necrosis of invaded roots and proposed that this led 
(Glycine max | infected = b Heterodera gelvcines to death of the nematode. The purpose of this investi- 
Ichinohe is important in understanding the nature of gation was to compare the nature of the reaction of 
resistance Although studies ive been conducted on roots of resistant and susceptible sovbean plants after 
the response of susceptible plants to cyst nematodes. invasion by infective second stage larvae of H. gly. 
little information was found in the literature on the emes. 
histopathological aspects of cyst nematode infections The sovbean variety Peking, found by Ross and 
in roots of resistant plants Franklin summarized the Brim to be resistant to the sovbean cyst nematode. 


status of Heterodera host-parasite relationships up to and a susceptible line were used as test plants. Seed 


1949. Ichinohe® gave a brief description of the re- were planted in field-infested soil in 4-in. pots and 
sponse of soybean root tissue to the feeding of the grown in the greenhouse. The average daily minimum 
soybean cyst nematode. Although Doncaster* did not and maximum’ temperatures during the growing 
describe in detail the pathological histology of roots period were about 21 and 38°C. Soil was washed 


from the roots of 1 pot each of both susceptible and 
resistant plants 10, 14. 20. 27. and 32 days after 


Plant Pathologist, | S. Department of Agriculture, 
Agricultural Research Service, Crops Research Division; planting. Roots were stained for 2 minutes in boiling 
and North Carolina Agricult Experiment Station lactophenol-acid fuchsin, washed briefly in tap water, 
Bh on -wcd i A y nk? bong” ping species °F and cleared in lactophenol as described by McBeth 
Ichinohe, M. 1955 Stu n the orphology and et al. 
ecology ot the soybpeal n if Heterodera viveines in 
Japan. Rept. Hokkaido N \gr. Expt. Sta. 48: 1-64 Ross, J. P., and C. A. Brim. 1957. Resistance of soy- 
(In Japanese with kr =} iry) beans to the soybean cyst nematode as determined by a 
*Doneaster, C. ¢ 1953. A stu f host-parasite rela double-row method, Plant Disease Reptr. 41: 923-924. 
tionships. The potato root Heterodera rostochi McBeth, C. W., A. L. Tayior, and A. L. Smith. 1941, 
ensis) in black nightsha ‘ nigrun ind tomato Note on staining nematodes in root tissue. Proc. Helmin- 
J. of Helminthol. 28: 1-8 thol. Soc. Wash. D. C. 8: 26. 


~ 
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| 8 


Fic. 1. Longitudinal sections of roots of soybean infected with the soybean cyst nematode. A) Root from a suscep- 
tible plant showing giant ce ¢) and developing adult male (n). B) Root from a resistant plant showing the necrotic 
reaction of the host tissue il the adversely affected larva (n). 
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Sections of roots 0.5 cm in length containing the 
nematodes were removed, dehydrated by passage 
through a graded ethanol series, and imbedded in 
paraffin. Sections were cut 14 » thick, mounted on 
clides. and stained with safranin-fast green. During 
the dehydration process the nematodes were com- 
pletely destained. 

Examinations of the sections revealed that. after 
entering the root, second-stage larvae migrate through 
the cortex and severely damage many cells in their 
path. In roots of both resistant and susceptible plants 
many cortical cells were broken. The cells around 
the larvae frequently contained densely red-stained. 
coarse, granular material. This seemed to occur com- 
monly in resistant roots. and only occasionally in 
susceptible roots. 

Onlv when larvae became sedentary were sharp 
differences manifested between resistant and suscep- 
tible plants. As commonly reported, the larvae were 
«» oriented that their head region projected into the 
vascular tissue while the body proper lay in the cor- 
tex. In certain sections containing more than 1 feed- 
ing larva. it was observed that orientation of the 
nematodes with respect to the root tip was not always 
the san 

The first giant cells were found in roots of suscep- 
tible plants sacrificed 14 days after planting. These 
cells stained green and were located in the feeding 


trea of second-stage larvae adjacent to vascular tis 


cue. In roots lifted at subsequent sampling dates. 
viant cells were commonly found in connection with 
ill stages of larvae and adults (Fig. 1A). These 
thnormal cells are similar to those described by other 
iuthors In some instances considerable disruption 
and dislocation of vascular elements. resulting from 
extensive giant cell formation. were observed in the 
stele 

roots of resistant plants. no giant cells were 
observed The cells about the head region of the 
nematode instead of being enlarged and stained 
green. were stained deep red and appeared disorgan- 
ized and necrotic (Fig. 1B). No fourth stage or 
adult females were found in resistant plants, and 
some third stage larvae appeared to be in a state of 
degeneration. However. the appearance of fourth 


stage and adult males in the roots of resistant plants 
was common. In all cases the cells in feeding areas of 
ill nematodes were necrotic. 

f adult males. and not of adult 
females. is interesting and corroborates Ichinohe’s 


The de elopment ‘ 
statement’ that the male of H. glvcines requires less 


nourishment to mature than the femal Apparently 


the male is capable of obtaining enough food to com- 
plete its life evele in spite of the necrotic reaction of 
the cells It should be pointed out that an occasional 
emale | has been observed on the roots of Peking 
plants in the field It is not known whether this re- 
fects genetic variation in sovbean lines or in the 


nematode or 1s due to some other factor 


It is considered that the reaction of this resistant 
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variety to H. glycines indicates a type of hypersensi- 
tivity. Mizogami’ reported a similar type of reaction 
of certain lines of sweetpotato to the root-knot nema- 
tode, Meloidogyne spp—Plant Pathology, North 
Carolina State College, Raleigh, North Carolina. 


Mizogami, T. 1947. An anatomical study on the re- 
sistance of sweetpotato to root-knot nematode. (In Japa- 


nese). Proc. Meeting Agr. Research Workers in Kyushu 


1: 19-20. 





Germination Studies with Spores of the Dwarf Bunt 
Fungus. Wave G. Dewey anv L. J. Tycer.t A factor 
that contributes to the sporadic occurrence of dwarf 
bunt is the irregularity with which spores of the 
causal organism, Tilletia contraversa Kiihn, germinate. 
Whereas spores of the spec ies that cause common 
bunt germinate quite readily over a relatively wide 
range of environmental conditions, spores of the 
dwarf bunt fungus appear to be much more exacting 
in their germination requirements. This factor un- 
doubtedly contributes to the survival of 7. contraversa 
in the soil over extended periods, 

Numerous attempts have been made to stimulate 
spore germination by regulating factors in the environ- 
ment. Low temperatures were shown by Holton, 
Lowther.” and others, to be essential for the germina- 
tion of dwarf bunt spores. An apparent stimulatory 
effect of light has been demonstrated by a number of 
investigators.* Treatment with various chemicals 
and the use of soil-extract media have been reported 
to have a favorable effect on spore germination. 

Although these and other 


vielded treatments by which the germination § of 


investigations have 


Respectively, Assistant Professor of Agronomy, Utah 
State University, Logan, Utah; and Professor of Plant 
Pathology, Cornell University, Ithaca, New York 

Holton, C. S. 1943. Chlamydospore germination in the 
fungus causing dwarf bunt of wheat. Phytopathology 33: 


aid 


Lowther, C. V. 1948. Low temperature as a factor in 
the germination of dwarf bunt chlamydospores. Phytopa- 


thology 38: 309-310. 
Gassner-Hoechst, G. G. 1953 
Keimungsbedingungen und 


Untersuchungen itber 
Bekampfungsmoglichkeiten 
beim Zwergbrand (Tilletia brevifaciens) im Laboratorium. 
Phytopath. Z. 21: 53-62 

Gassner, G., and E. Niemann. 1954. Untersuchungen 
liber die Temperatur—und Lichtabhangigkeit der Sporen 
keimung verschiedener Tilletia-Arten. Phytopath. Z. 21: 
567-394. 

Pichler, F. 1953. Zur Frage der Keimung von Roggen- 
und Zwergsteinbrandsporen. Pflanzenschutz Ber. 11: 12-17. 

Baylis, R. J. 1955. Field infection experiments with 
dwarf bunt of winter wheat in Ontario. Plant Disease 
Reptr. 39: 159-160. 

Gassner. G.. and E. Niemann. 1955. Uber die Beein- 
flussung der Sporenkeimung des Zwergsteinbrandes und 
Roggensteinbrandes durch verschiedene Chemikalien. Phy- 
topath. Z. 23: 121-140 

Gassner. G.. and E. Niemann. 1955. Synergistische und 
antagonistische Wirkung von Pilzen und Bakterien auf die 
Sporenkeimung verschiedener Tilletia-Arten. Phytopath. Z. 
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peratures in a distilled-water suspension. The 
xposed to drv heat were inserted and removed 


hrough the exhaust vent of a laboratory oven 


control plate in each of the 5 series contained a 


if the untreated spores 


ot the treatments shortened the period re. 
germination under that recorded for the 


All treatments in the acid ind base treated 


sulted in the death of the spores or severely 
heir germination The only acid treatment 
ippreciable germination was noted was 

ch spores were exposed | minute to 10 
No more than trace germination was ob 


iny of the base-treated plates 


sed germination was general in the series 
th growth regulators except for the treat 
ind If ppm indole-3-aceth reid In 

itis ipproximated that of the cont: 

tion was obtained on the 10 oral 
fication treatr ts with borundum dust 

I 1 to test the Teo sibili that the ! 

e sheath surrounding dwarf bunt spores 
e to inhibit germination by reducing wate 
} retaining myhpitoite < es Wil } 
Microscopic examination of treated spores 
inge number of loose sheath = fr igments 
spores lacking part or all of their sheath 
that germination following searification did 
ficantly vary fron that of intreated spores 


ndicate either that the sheath constitutes 
rent to germination or that its removal 


ns resulted in death or impairment of the 






rious heat treatments were designed to test 
ire shock as a possible means of indus g 
on of dwarf bunt spores. Although no sti 
response was noted. it was found that the 
dry condition were able to withstand short 
es to rather high temperatures The most 
e-temperature combination used mi s 
parently did not sample the er limit 






